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To all whym ш may concern: 

lie it küown that 1, NIKOLA TESLA, of 
Smiljan Lika, border country of Austria-Lan. 
уе invented an Improvement іш Dy- 


ly in 
electromotive force, auaptedt 
d it consists in a device by 
means of which the sparking on the сои. 
tator is prevented 

It is kuowu that in machines of great elec- 
tromotive force—such, for instance, as those 


10 to arc lights 


tator, park 
the complete circuit, or of а shunt of low re- 
10 sistance formed by the brush between two or 
more coomutator-bars. Ја the brst case the 
* spark is more apparent, as Шеге is at the пио. 
ment when the circuit is Drokeo a discharge 
of tbe magnete tbrough tbe field: helices, pro- 
25 duciog park or flash which canses 
unsteady current, rapid wear of the comm 
tator bars amd brushes, and waste of power. 

The sparking may bo reduced by various de- 

vices, such as providing a path for the cur- 
зо rent at Ше moment when the commutator 

segment or bar leaves the brush, by short-cir- 
cuiting the бей increasing the 

Lumber of the commutator-bars, оғ һу other 

similar means; but all these devices are ex- 
35 pensive or uot fally available, and seldom at- 

taiu the object desired. 

My invention enables ше to prevent the 
sparking in w simple manner. For this pur 
pose I employ with tbe commutator bars 
and intervening insulating material mica, as- 
hestns paper or other iosülating and prefer- 
ably tucombustible material, which Tarrange 
to bear on the surface of the commutator, 

ud bebind the brush. 
My invention will be easily understood by 
reference to Ше accompanying drawiugs. 

In the drawings, Figure 1 is a section of a 
commutator with an asbestas insulating de- 
vice; and Fig. 2 is a. similar view, represent- 

tes of mica upon the back of the 


ao 


intervening insulating material; D D, tho 
brushes. d dare sheets of asbestus paper ог 
other suitable non-conducting material. f. 
are springs, the pressure of which шау be ad- 
justed by means of the screws g g. 

In Fig. 2 а simple arrangement, із shown 
with two plates of mica or other material. Jt 
will be secu that whenever one commutator- 
segment passes out of contact with the brush 
the formation of the are will be prevented by 
the intervening insulating material coming in 
contact with the insulating waterial on tho 
brush. 6s 

My invention may be carried ont in many 
ways; and I do not limit myself to any partion- 
lar device, as my invention consists, broadly, 
in providing а solid non-conducting body to 
bear проп the surface of the commutator, by 
the iuterveution of wbich body the sparking 
da partly or completely prevented, 

prefer to use asbestus paper or cloth im- 
pregnated with zinc-o£ide, magnesia, zirconia, 
ог other suitable material, as the paper aud 75 
cloth are soft, and serve at the same (іше to 
wipe and polish fbe commutator; but mica or." 
апу other suirabi ial may be employed, 
said material being an insulutor or a bad con: 
ductor of electricity. 

y invention uiay be applied to any elec- 
tric apparatus in whicb sliding contacts are 
employed. 

T claim as my invention 

1. Tbe combination, with the commutator- 
bars aud iutervening insulating material and 
brushesinadynamo electric machine, of asoliid 
insulator or bad conductor of electricity ar 
ranged 10 bear upon the surface of the com- 
mutator adjacent to the end of the brush, for 
the purpose set forth. 

3. In an electricapparatus in which aliding 
contacts with iotervening insulating material 
ure employed, tbe conibination, with the con- 
tact springs or brushes, of a solid insulator or gt 
bad conductor of electricity, ая and for the 
purposes set forth. 

Signed by me this 2d day of May, A. D. 
1885. 
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NIKOLA TESLA. 

Witnesses: 
Geo. T. PINCKNEY, 
Мпдлам G. Morr. 
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To all whom it may concern: 

Be it known that I, NIKOLA TESLA, of Smil- 
jan Lika, border country of Austria-Hungary, 
hive invented an Improvement in Dynamo. 

5 Electric Machines, of which the following isa 
вресійсайоп. 

"Тһе object of my invention із to provide аш 
improved method for regulating the current 
va dynamo-electric machines. 

In wy improvement I make use of two maln 
brushes, to which tho ends of the helices of 
the fiold-magnets are connected, and an auzil- 
jary brush aud a branch or shunt connection 
frou au iutermediate poiut of the field-wire 
to the auxiliary brush. 

The relative positions of the respective 
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brushes aro varied, cither automatically or by | 


haod, so that the shunt becomes inoperative 
when the ausilivry brash bas a certain posi- 
tioo upon the commutator; but when said aux- 
iliary brush із moved in its relation to the 
main brushes, or the latter aro moved in their 
relation to the auxiliary brüsb, the electric 
condition is disturbed and more or less of the 
current through the Gcld-belices is diverted 
through tbe shunt or а current passed over 
said shunt to-tbe Geld-helices. 

By varying the relativo position upon the 
commutator of the respective brushes auto- 
matically in proportion to the varying elpe- 
trical conditions of the workiog.circuit the 
current developed сав be regulated іп pro- 
portion to the demands jo the Working-cirenit. 

Devices for automatically moving the 
brushes in dynamo-eleetrie machines are well 
Known, and those mado use of in my machine 
may be of any desired or known character. 

Tn the drawings, Figure 1 іза diagram i 
trating шу invention, showing one core of the 
field-magnets with one-helix wound in the 
same direction throughout. Figs. 2 and 3 are 
diagrams showing опо core of tho fcid-magnets. 
with a portion of the helices wound in oppo- 
site directions. Figs. 4 and 5 aro diagrams 
illustrating the electric devices that may be 
employed for automatically adjusting the 
brushes, and Fig. 6 is a diagram illustrating. 
the positions of the brushes when the macbioe 
is being cuergized ор the start. 

aandd are the positive and negative brushes 
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of tho main or working circuit, and c tho aux- 
Шагу brash, "The working-cirezit.D extends 
from the brushes aud b, as usual, and con. 
tains electric lamps or other deviess, Deiter 
in series or iu maltiple are. i 

М. M represent Ше Geld-helices, the ends of 
which are connected to the main brushes а 
audi. ‘The branch or shunt wire с extends 
from the auxiliary brush cto the circuit of the 
ficld-helices, and is connected to tho same at бо 
an intermediate poiut, X. 

И representa tho commutaten with tho 
plates of ordinary construction. Tt із now to 
be understood tliat when tho auxiliary brush 
© occupies such а position upon the commu- 65 
tator that the clectro-iuotive force between the 
brushes а and с is to the electro-motive force 
between the brasbes c and b as the resistance 
of the circuit a Мс о A to Шо resistance of 
the cireuit à M 2 c D, the potentials of tho 
points X and Y will be equal, and no current 
will fow overtheauxiliary brush; butwheu tho 
brush c occupies a different position the po- 
tentials of the points X and Y will be differ- 
ent, and a current will flow over the auxiliary 
brush to or from the commutator, according 
to the relative. position of tbe brushes, If, 
for iustance, Ше commutator-space between 
the brushes а and c, when the latter is at tho 
neutral point, is diminished, a current will во 
flow from tho point Y over the shunt C tothe 
brush, thus strengthening the current in tho 
part M^ and partly neutralizing the current 
in tho part М; but if the space ‘between the 
brushes a and c is increased, Шо current will 25 
flow over the auxiliary brush in an opposito 
direction, and the current in М will be 
strogthenied, and in М” partly neutralized. 

By combining with tho brushes а, b, and с 
any known avtowatio regulating mechanism 
the current. developed сап bo regulated іш 
proportion to the demands in the working- 
Circuit. The parts M and М? of the ficld-wire 
шау be wound іп thesame direction... (In this 
case they are arranged as shown іп Fig.1;or, 95 
the part М ray be wound in the opposite di- 
rection, as shown in Figs: 2 and 3.) 

It will be apparent that the respective cores 
of the field-magnets are subjected to tho пош- 
tralizing or intensifying olfects of the current 105 
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in the shoot tbrougb с, and tbe magnetism of 
the cores will be partially neutralized or the 
poiot of greatest magnetism shifted, so that it 
will be more or less remote from or approach: 
5 ing to the armature, and bence the aggre- 
gale energizing actions of the Geld magnets 
бо the armaturo will bo correspondingly 
varied. 
Io the form indicated in Fig. 1 the regula- 
10 tion is effected by shifting the point of great- 
est magactism, and io Figs. 2 and.3 the same 
effect is produced by the action of the cur- 
rent in the shunt passiog through the peu- 
tralizing-bi 

‘Tho relative positions of the respective 
brushes may bo varied by moviog the auzil- 
jury brush or the brush с may remaio, qui- 
‘escent aud the corep be connected totbe main- 
brush holder А’, во аз to adjust the brusbes 
do'abin their relation to the brush с. If, how- 
ever, an adjnstment is applied to all the 
brushes, as seen in Fig. 5, the solenoid should 
be connected to both A aod С, во аз to move 
them toward or away from each other. 

‘There are several kuowa devices for giving 
motion іш proportion to an electric current. 
I havo showu the moving cores іо Figs. 4 and 
8 as convenient devices for obtaining the re- 
quired extent of motion with very slight 

30 changes in the corrent passing through the 
helices. It is understood that the adjustment 
of the main brushes causes variations in the 
Strength of the current independently of the 
relative position of ваја brasbes to tho aux- 

35 iliarybrusb. In all cases the adjustment way 

77? besuch that no current fows over the aux- 
iliary brush when tbe dynamo із raoniug with 

Ив normal load, 
In Figs. 4 and б, A А indicate the main- 

- brush holder, carrying the main brushes, and 

C the auxiliary-brasb holder,carrying the aux- 
агу brush. ^ These brasb-holders are mova- 
ble in rcs concentric with tbe сеогог of the 
commutator shaft. Aa iron piston, P, of the 

45 Solenoid S, Fig. 4, is attached to the auxiliary. 
brush holder C. "The adjustment. is effected 
‘by means of a spring and screw or tightener. 

In Fig. 5, instead of a solenoid, an iron tube 
ioclostog a coil is shown, 
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‘Toe piston of the [| 
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coil is attached to both brush-holders A A and с 

C. When the brushes are moved directly Бу 

| electrical devices, as shown in Figs. 4 and 6, 
these are so constructed that the force exerted 

for adjusting is practically uniform tbrough 

the whole length of motion. 

Ташвтаге thatauxiliary brushes have been 
used in connection with tho helices of tho 
field-wire; but in these instances the helices 
received the entire current through the nux- 
агу brasb or brushes, aud said brusbes could 
not be taken off without breaking the circuit 
through the field. These brusbes caused, 
| however, a great sparking upou the commu: 
tator. lo my improvement tbe auxiliary 
brosh causes very little or no sparking, and 
can be taken off without breaking the circuit 
through the Beld-helices. 

My iwprovernent bns, besides, theadvantage 
to facilitate the self exciting of the ілдеһіше 
in all cases where the resistance of the field- 
wire is very great comparatively to the resist- 
anco of the waio circuit at the sturt—for in. 
3tance, on are-light machines. In this саве I 
| place the ausiliary brush с near to or in pref. 
егеосе in contact with the brush b, as shown in 
Fig.6. Іа this manner the part M' is com: 
pletely cut out, and as tbe part М has a con: 
siderably smaller resistance than tho whole 
lengtb of the Beld-wire the machine excites 
itself, wberenpon the auxiliary brash issbifted 
automatically to its normal position. 

1 claim as шу invention— 

Thecombination, with the commutator bav- 
ing two ог wore main brusbes aud an anzil- 
iary brusb, of tho field - belices having tbeir 85 
ends connected: to the main brushes, anda 
branch or shunt connection from an ішегпіб- 
diate poiut of tbe ficld-helices to the auxiliary 
brush, and means for varying the relative ро- 
sition upon the commutator of the respeetive gc 
brushes, substantially as set forth. 

«Signed by ше this 13th day of Мау, A. D. 
1885. 
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NIKOLA TESLA, 


Witnesses: 
Geo. T. PINCENET, 
WALLACE L. Sergent, 
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10 all whom it may concern: 

Beit known that I, NIKOLA TESLA, of Smil- 

jan Lika, border country of Austria-Hungary, 

ave invented an Iinprovement in Dynamo- 

5 Electric Machines, of which the following isa 
specification, 

My invention is designed to provide aa im- 
proved method for regulating the current iu 
dynamo-elcetrie machines. 

Та another application, Хо. 165,793, fled by 
me Мау 18, 1855, 1 have shown a method for 
regulating the current in а dynamo having 
the feld-helices іш a shunt. My present ap- 
plication relates to a dynamo having its field- 
15 helices connected in the main circuit. 

In my improvement I employ one or more 
auxiliary brushes, by means of which I shunt 

в portion or the wi 
+ According to the relative position upon the 
зо опиши of the respectiva brushes wore or 

less currént is caused to pass through the 
belices of the field, nnd the curreut developed. 
by the machine can be varied at will by vary- 
ing the relative positions of the brushes. 

‘fu tho drawings the present invention is 
illustrated by dingrams, which are bereiuafter 
separately referred to. 

а Figure 1, a and D are the positivo aod 
negative brusbes ef tho main circuit, and с 
аа auxiliary brush. The maio circuit D ex- 
tends from the brushes a and 5, os usnal, aad 
contains Шо helices M of thi 
tbe electric lamps or other working devices. 
‘The auxiliary brush cis connected to tbe point 
z of the maiù circuit by means of the wire c. 

И is ucommutator of ordinary constraction. 

From that which has beea said in the ap- 
plication abovo referred to it will be веер that 
when tho electro-motive force between the 
breshes а and c із to the electro-motive force 
between the brushes c and b ne the resistance 
of tho сіге a М с с A to the resistanco of 
the circuit b C Все D, the potentials of the 
points т ond y will be equal, aud no current 
will paas ever the auxiliary brnsh c; but if 

iid brush occupies a different’ position rela- 
tively to the nain brushes the electric condi- 

tion is disturbed, aud current, will flow either 

from yto or from т to yf according to the 
so relative position of thn brushes. , lo tho first 
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case the corrent through the ficld-helices will 
be partly neutralized and tho magnetism of 
the Beld-magnets diminished. То the second 
case the current will bo increased and the 
maguets will gain strength. By combining 
with the brushes а b с any antomatic regulat- 
ing inechanism the current developed can bo 
regulated antowatically in proportion to tho 
demands in the working-cirouit. 

1a Figs. б and 7 1 bavo represented some of бо 
the automatic meaus that may be used for 
moving the brnshes. The сого P, Fig. 6, of 
the solenoid-helix S, is conuected with tbe 
brush с to more Ше same, and іп Fig. 7 the 
core P iy shown as within Ше helix S, and 65 
connected with buth brushes a and с, so «a to 
move the same toward or from each other, 
according to the strength of the current jn tho 
helix, the helix being within ап iron tube, 8, 
that becomes magnetized uud inereases the 
action of the solenoid. 

n practice it is sulficieut to move only the 
auxiliary brush, as shown in Fig. 6, as tho 
regulation is very sensitivo to the slightest 
changes; but tho relative position of the aux. 
iliary brash to the main brushes may be varied 
by moving the main brushes, or both maiu 
and auxiliary brushes may bo moved, ao illus 
trated in Fig. 7. In tbe latter two cases, it 
will be ‘understood, tho motion of the main 
brushes relatively to the neutral Hue of tho 
machine causes variations in‘the strength of 
the current independently of their relative 
position to the auxiliary brush. Iu ull cases 
tho adjustment may be snch that when the 
machino is ronbiog with the ordinary load но 
current flows ovor the auxiliary brush. 

The feld-heliecs may be connected as shown. 
in Fig. 1, ога part of the field-lielices may bo 
intheoutgoing abd the other partin the retura 
circuit, and two auxiliary brushes may be 
employed as sbown іп Fige. Запӣ4. Instead 
of shunting the whole of the field-helices, a 
portion only of such helices may be shunted, 
as shown in Figs. 2and 4. 

"The arrangement shown in Fig. 4 is advan. 
tageons, as it diminisbes the sparking upon 
the commutator, the main cireuit being closed. 
through the auxiliary brushes atthe moment 
of the break of tbecircuitatthe main brushes. 100 
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The field-helices may be wound іо the same 
direction, ora part may bo wound in opposite 
directions, 

The connection between the helices aud the 

5 auxiliary brush or brosbes may be made by a 
wire of small resistance, or a resistance шау 
be interposed (R, Fig. б) between tho poiut z 
aod tbe auxiliary brush or brushes to divi 
the sensitiveness when the brushes are ad- 

то justed. 
Iam aware tbat it is not new to uscauxiliary 
brushes on thecommutator, and thatauxiliary 
brushes аус been connected to tho field heli- 
ces; but I am not awaro that the helices of a 
15 series dynamo have been shunted by meansof 
auxiliary brushes, вой that the relative posi- 
tion of the respective brushes bas been varied 
for the purpose of regulating Ше current de- 
veloped by the machine, 

Та instances where auxiliary broshes have 
been used in counection with tbe Geld-helices 


зо 


ssid auxiliary brushes received the current 
continaonsly and caused great sparking 
whereas in шу invention the auxiliary bro 
receives current only when tho normal elec- 25 
trical conditions of the circuit are disturbed. 

I claim ая my invention— 

‘The combination, with the commutator ana 
main brushes and one or more auxiliary 
Ъгозћез, of the field-belices in the main сіг. 30 
cuits and one or more shunt-cepnections from 
the field-belices to the auxiliary brushes, the 
relative positions upon the commutator of the 
respectivo brushes being adjustable, for the 
purpose set forth. 3 

Sigued by me this 16th day of May, A. D. 
1885. 
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NIKOLA TESLA. 


Witoesses: 
Gro. T. PINCKNEY, 
WALLACE L. SERRELL 


Р-13 


(No Model.) 2 Sheets—Sheet 1. 
N. TESLA. 
REGULATOR. FOR DYNAMO ELEOTRIC MACHINES. 
Хо. 336,962. Patented Мат. 2, 1886. 


а а». 64 Сои 
«е ж aad ЖО ее 
р-— же яз Аш 


“в 


P-14 


(N^ Model.) 2 Sheets—Sheet 2 
N. TESLA. 
REGULATOR FOR DYNAMO ELECTRIC MACHINES. 
Хо. 336,962. Patented Mar. 2, 1886. 


«белді 


Шоба бв 
Lance Жас 
pe > 


UNITED STATES 


PaTENT OFFICE. 


2 
NIKOLA TESLA. OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR ТО ТНЕ 
TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF. RAH- 


WAY, NEW JERSEY. 


REGULATOR FOR DYNAMO-ELECTRIC MACHINES. 


‘SPECIFICATION forming part of Lettors Patent No. 350,954, dated Octobor 19, 18! 
IM. Serial Na, 102508. (No model.) 


Application led Jasnary 1 


To all whom’ 18 may concern: 
Be it known that I, NIXOLA TESLA, from 
Smiljan Lika, border country of Austria-Hun- 
ary, have invented certain Improverhents in 
ynawo-Flestrie Machines, of which the fol- 
Jowing is aspecification, 

In other applications I have shown the com- 
mutator of а dynamo-machiye with the main 
brushes connected in an electric circuit, and 
опе or moreansiliary brushesserving to shunt 
a part or the whole of the field-eoils, the rega- 
lation of the current being effected by shifting 
the respective brnshes automatically upon the 
commutator in proportion to the varying re- 
sistances of the circuit. 

My present invention relates to the inechant- 
cal devices which I employ to effect the shift- 
ing of the brushes, 

у invention is clearly shown in the accom 
panying drawings, in which Figaro 1 isan elc» 
vation of the regulator with the frame partly 
іш section; and Fig. 2 is a section nt tha lino 
ax, Fig. 1, 

© is the commutator; В and B’, the brush- 
holders, B carrying the main brushes а a’ 
and B' the auxiliary or shunt brushes 00, The 
‘axis of tho brush-holder Dissupported by two 
pivot-screws, рр, The other brosirolder, B, 

igs a sleeve, d, and із movable around the axis 
of tho brushéholder D. Fu this way both 
Drush-holders can turn very freely, the fric- 
tion of the parts being reduced to a minimum. 
Over tho brush-holders is mounted the solen- 
old 5, which rests upon a forked colum, 
45, Tbis column also affords a support for tbe piv- 
ots p p, and is fastened upon a solid bracket 

cz projection, P, which extends froin the base 
ofthe machine, "and is preferably cast in one 
piece with thesame. . The brusb-holders D B° 
аге connected by means oftheliuks c cand the 
cross-picce F to the iron core J, which slides 
freely in thetubo T of thesolencid. "Theiron 
core I has a беген; з, by means of which it 
сап be raised and adjusted in its position rel- 
atively to the solenoid, so that the pull ex- 
erted проп it by the solenoid is practically 
uniform through the whole length of mo- 
tion which is required to effect the regulation. 
In order to effect the adjustment with a greater 
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precision the core I is provided with a small 5o 


iron кеге "The core being first brought 
very nearly in the required position relatively 
to the solenoid by means of the screw л, Шо 
small screw ә is then adjusted until the mag- 
netie attraction npon the core is the same when 
the core isin any position, A’convenientstop, 
6 serves to limit the upward movement of the 
iton core. 

"То check somewhat the movement of Ше 
сого I, dash-pot, K, is used. ‘The piston L 
of the dash-pot is provided with a valve, V. 
which opens by a downward pressure and al- 
lows an easy downward movement of the iron 
core 1, but closes and checks Ше movement of 
tho core when tho samo is pulled up under the 
action of the solenoid. 

То balance the opposing forces the weight 
of the moving parts, and the pull exerted by 
the solenoid upon the fron core, the weights 
W W тау be used. The adjustment is such уо 
that when the solenoid is traversed by tho 
normal carreutit is just strong enough to bal- 
ance the downward pull of the parts, 

‘The electrical cireuit-connections аго sub- 
stantially thosame, as indicated in my former 
upplications, the solenoid being in series with 
the circuit when the translating devices are 
in series and in a shuot when the devices aro 
in multiple are, 

‘The operation of the device is ay follows: 
When upon a decrease of the resistanceof the 
circuit or some other reason the current. is in- 
creased, the solenoid S gains in strength and 
pullsuptbe iron core I, thus shifting tho main 
brushes in tbe direction of rotation and tho 
auxiliary brushes in the opposite way. Thi 
diminishes the strength of tbe current until 
the opposing forcesare balanced aod the solen- 
oid is traversed by the normal current; but 
if from any cause the current in the circuit is 
diminished, Шеп the weight of the moving 
parts overcomes tho pull of the solenoid, the 
iron core I descends, thus shifting tbe brushes 
the opposite way and increasing the corrent 
to the normal strength. The dash pot con- 
nected to the iron core I may be of ordipary 
construction; but I prefer, especially in ma 
chines for arc lights, to provide the piston-at 
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the dasb-pot witha valve, us indicated in Ше 
drawings. This valve permits a compara- 
tively easy dowaward movement of the iro 
соге, but checks its movement when it is 
5 drawn np by the solenoid, Such au arrange 
ment has the advantage that а great namber 
of lights may be put. оп without diminishing 
the light-power uf the lamps in the сі 
the brüshesassume at once ће proper position. 
10 When t, tho dash-pot acts to 
reta vement; but if the current 
considerably increased Ше solenoid gets al 
normally stroug and the brushes are shifted i 


15 or beiug properly adjusted, lights 
or other devices шау be put ou or out with 
scarcely any perceptible differeneg. 

Tels obvious that instead of the dash pot any 
other retanliug device may be шей, 7 
го [el " 


the main and aux- 
iliary brushes, of two огоз holders, an axis. 
fastened to one of the brush-holiers, sapport- 
ing-serews forthe same, a support or theother 
25 Мше surrounding the axis, a solenoid, 
а соге for the same, nnd links conaecting the 
соге to Ше respective brush-bolders, substan- 
tially asset forth, 
2. ‘Sho combination, with thebrushes, brush- 
зо holders, and the axis upon which the brush- 
holders’ swing, of a solenoid aud core, cou- 
nections froma the samo to the bruah-bolders, 
and an udjusting serew to limit the movements 
of the vure, substantially as set forth, 


3. Tbe combination, with the brush-holders зу 
and their axes, of a solenoid and core, and а 
connection from the core to the brush-holders, 
aud au irou screw at the inner eud of the core 
Хо adjust the action of the maguetism on the 
core, substantially as set forth. 

4. The combination, with the brushes, the 
brosl-holders and their axes, of a solenoid and 
core, and connections to move the brusb-holll- 
ers and a dash-pot provided with a valve, 
substantially as described, to diminish the 4s 
speed uf movement of the coro in one direc 

be other, substantially as set 


зо 


with the brushes, the 
brush holders and their axes, of asolenoid and. 50 
соге, and connections to move the brash-holil. 
ers, and а dash-pot to ditninish the speed of 
movement of the core, substantially ns set 
forth. 

6. ‘The combination, with the brush-bolders 55 
and the solenoid and core, of links conacetin 
tothe holders, and a screw to adjust the posi: 
tion of the core in relation to the solenoid, 
substantially as set forth, 
pp Signed by me this 2th day of January, А. бо 

. 1886. 


NIKOLA TESLA, 
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QA N. TESLA. 
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To all whom it may concern: 2 

Be itknown that I, NIKOLA TESLA, of Smil- 
jan Lika, border country of Austria-Hungary, 
‘have invented certain, Improvements in Dy- 

5 namo-Electric Machines, of which the follow- 
* ing is a specification. 

The main objects of my invention are to in- 
crease Ше efficieney of the machine and to fa- 
cilitate and cheapen the coustraction of the 

ло samej and to this end my invention relates to 
the magnetic frame and the armatare, and to 
other features of construction, hereinafter more 
fully explained, 

My invention is illustrated in the aceon 

15 nying drawings, in which Figure 1 
tudinal section, ani Fig. 2: 
machine. Fig.3isa top view, and Fig. 4a side 
view; of the magnetic frame. Fig. 5 is an end 
view of the commutator-bars, and n Gisa 

20 section of the shaft aud commntator- Багз. 
Fig. 7 isa diagram illustrating the coils of the 
armature and the connections to the commn- 
tator-plates. 

"Phe coresc c ¢ cof tho бе magnels may be 

‘25 tapering in both directions, as shown, for the 
purposes of concentrating the magnetism upon 
the middle of the pole pieces. 

‘The counceting-frame Р F of the field-mag- 
nets is in the form indleated in Ше side view, 

зо Fig. 4, thelower part being provided with the 
spreading curved cast legs e e, sothat the ma- 
chine wili rest firmly upon two base-bars, r r. 

To the lower pole, S, of the ficld-maguct М 
is fastened, preferably by means of Babbitt or 

35 other fusible diamagnetic material, Ше base 
В, which is provided with bearings b for the 

‘mature-shatt Н, The base В bas a projec- 
tion, P, which supports tbe brush-holders and 
the regulating devices, which may be of any 

40 ordinary character, or may be such as shown 
in an application of like date herewith 

‘The armature is constructed with the view 
to reduce to а minimum the loss of power due 
to the transvGrsal or Foucault currents and to 

45 the change of polarity, aud also to shorten as 
much as possible the length of the inactive 
wire wound upon the armature-core. 

Tt is well known that when the armature is 
revolved between the poles of the ficld-mag- 


ин. зна 


hm. (Ne modd.) 


nets currents ate generated in the iron body ҙә 
of the armature which develop heat, and con- 
sequently cause a waste of power- ‘Owing to 
tbe mutu; ion of the lincs of force, the mag- 
netic properties of iron, and the speed of the 
different portions of the armature-core, these 55 
cucrentsare generated principally on aud near 
the surface of the armature-core, diminishiog 
instrength gradually toward the center of the 
core. Their quantity is under same conditions 
proportional to the length of the iron body in бо 
the direction in which these enrrents are gon- 
erated. Bysubüividing the iron согесісей 
ally in this direction the generation of these 
‘currents can be reduced toa greatextent, For 
instance, if the Теңіз of the armature-core is 65 
twelve inches and hy a suitable construction 
thesameissubdivided electrically,sothatthere 
агоја the generating direction six incbesofiron 
and six inches of intervening air-spaces or in- 
Sulating material, the currents will be reduced 7o 
to fifty per cent. 

As shown in the deawings, the armature is 
constracted of thin iron disks D D D, of vari- 
ons diameters, fastened upon the armature- 
shaft in a suitable manner and arranged ac:'75 
cording to their sizes, so that a series of iron" 
bodies, іі, is formed, each of which dimin- 
ishes in thickness from the center toward tho 
periphery. At both ends of the armature the 
inwardly-curved disks d d, preferably of cast. 8o 
iron, are fastened to the atmature-sbatt, 

"Тре armature-core being constructed as 
shown, it will be casily seen that on those por- 
tions of the armature that are the most remoto. 
from the axis, and where the currents are 8$; 
principally developed, the length of iron in* 
the geoerating direction is only а small frac- 
tion of the total length of the armature-core, 
and besides this the iron body is subdivided 
in the generating djrection, aud therefore tho’9a 
Foncault currents are greatly reduced. An- 
other cause of heating is the shifting of the 
poles of the-armature-core. In consequence 
of the subdivision of the iron in the armaturo 
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In constructing the armature-core aud wind- 


2 359,748, 
fal insulation being unnecessary, аз an elec- 
trical contact between several disks can only 


occur on places where the generated currents 

aro comparatively weak. An armature-core 
5 constructed in the manner described may be 

revolved between the poles of the field-mag- 
nets without showing the slightest increase of 
temperature. 

The end disks, d d, which are of sufficient 
thickness and, forthe sake of cheapness, pref- 
erably of cast-iron, are curved inwardly, as 
indicated in the drawings. The extent of the 
curve is dependent on the amount of wire to 
bewound upon the armatnres. Inmy present 
invention the wire is wound upon the arma- 
ture in two superimposed parts, and the curve 
of the end disks, d d, із so calculated that the 
first part--thatis practically halfof the wire— 
just fills up the hollow space to the line г =; 
‘or, if the wire is wound in any otber manner, 
the curve is such that when the whole of the 
wire is wound the outside mass of wires,w,and 
the inside mass of wires, w, are equal at each 
sido of the plane zz. Та this case it will be 
seen tho passive or electrically-inactive wires 
аге of the smallest length practicable. The 
arrangement lms further: the advantage that 
tho total lengths of the erossiog wires at the 
two sides of the plaue z = are practically 
equal. 

TTo further equalize the armatore-coils at 
both sides of the plates that are іш contact 
with the brushes the winding and eonnectlog. 
up is effected in the following manner: The 
wholo wire is wound upon the armature-core 
in two superimposed parts, which are thor- 
ougtily insulated from each other. Each оГ 
these two parts is composed of three separated 
groups of coils. Тһе first group of coils of the 
first part of wire being wound and connected 
to the commutator bars in the usual mauner, 
this group is insulated and the second group 
wound; bat the coils of this second group in- 
stead of being connected to the next following 
commutator-bars, are conuected to the directly- 
opposite bars of the commutator. "Thesécond 
group is then insulated and the third group 
Wound, tho coils of this group being connected. 
to those bars to which they would be con- 
nected in the usual way. The wires-are then. 
thoroughly insulated and the second part of| 
wire wound and connected in the same man- 
тег,“ Suppose, for instance, that there аге 
tweaty-fourcoils—thatis,tweivein cach part— 
and consequently twenty-four commutator- 
plates. ‘There will beiu each partthrce groups, 
each containing four coils, aud the coils will 
be counected as follows: 

Groups. Commutator-bars. 
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% First 1-5 
First part of wiro } Second... 

Third 9-13 

First. 13—17 

Second part of wire } Secan 2-9 

6 Third ICE 
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ing and connecting the coils in the manner in- 


dicated, the passive ог clectrically-inactive ` 


wire is reduced to a minimum, aod the coils 
at each side of the plates that аге in contact 
‘with the brushes are practically equal, and in 
this vay the electrical efficiency of the ma- 
chine is increased. 

‘The commntator-plates t are shown as out- 
side the bearing b of the armatureshaft. ‘The 
shaft Н is tabular aod split at the end portion, 
aud the wires arecarried through the same in 
avy usual manner and connected to the ro- 
spective commutator-plates. The commuta- 
tor-plates are upon a cylinder, u, and insu. 
lated, and thiscylinder is to be properly placed 


and secured by expanding the split end of tho, 


shaft by a tapering serew-plag, т. | 

1do об claim herein the cotes of the feld- 
magnets converging toward the pole-picces; 
пог до I claim the method of fastening the 
baso tothe lomer field-magoet; as this has been 
claimed in my former application on dynamo- 
electric machines. 

‘What I claim is— 

1. In a dynamo-cleetric machine, the arma: 
ture constructed of iron disks of various di- 
ameters arranged upou the shaft in such a 
manner that a series of iron bodies is formed, 
cach diminishing in thickness from the cen- 
ter to the periphery, substautially as and for. 
the purposes set forth, 3 

2. In a дуозто cleciric machine, the arma: 
tore-core having iron disks of various diame. 
ters, in combination with inwardly - curved 
end disks, for the purposes and substantially. 
as set forth. 

3. In a dynamo electric machine, an arma: 
wing inwardly-curved ends, іш 

th thearniature-coils, the cross- 
105 wires of which coils pass into Ше concave 
heads and project equally, substantially as set 
forth. 


chines, having а core composed of 
rious diameters, in combination with separate 
superimposed coils connected to tlic commu- 
tator-plates jo alternate groups, substantially 
ав set forth. 

6. Та adynamo-electric machine, the mag- 
netic frame composed of the cores c e c с, the 
curved pole-pieces N S, and the connecting 
frame with the curved and ontwardly-pro- 
Jecting legs c с, substautially as deseribed. 

Signed by me this 12th day of January, A. 
D. 1886. 


jNIKOLA TESLA, 
Witnesses: 
Gro. T. PINCKNEY, 
Warzacs L. Sennett. 
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To all whom i may concern: 
Bo it known that I, NIXOLA TESLA, from 
Smiljan, Lika, border country of Austria:Hun- 
ary,atpresentresiding in thecity, county, and 

5 State of New York, have invented certain new 
and nseful Improvements jn Commutators for 
Dynamo- Electric Machines aud Motors, of 
which the following із a specification, refer- 
ence being bad to the drawings accompanying 

10 and forming a part of the same. 

This invention, relates to dynamo electric 
machines or motors, and isan improvement in 
the devices for commutating and collecting the 
currents, 

15 "The objects of the Invention are, first, to 
avoid the sparking and the gradual wearing 
away or destruction of the commutator-sog- 
ments and brushes or collectors resultin 
therefrom; second, to obviate the necessity о! 

го Feadjustoientof the commutator or the brushes 
or collectors and other consequences of the 
wear of the same; third, to render practicable 
the constrnction of very large dyuaino-clectrie 
machines and motors with the minimum num- 

2g ber of commutator-segments,and, fourth, toia- 
crease the efficiency and safety aud reduce Ше 
cost of the machine. 

Та carryiug ont my invention in а manner 
to accomplish these results I construct а com- 

30 mutator and the collectors therefor in two 

parts mutually adapted to oncanother, and, so 

far as the essential features are concerned, 
alike in mechanical structure, Selecting as 
an illustration a commutator of two segments 
adapted for uso with an armature the coils 
от coil of which have Ып two free ends, con- 
nected respectively to the said segments, the 
bearing-surfaco із the faco of a disk, and is 
formed of two metallic quadrant-segmeats and 
two insulating-segments of the same dimén- 
sions, and the face of the disk should be 
smoothed off, so that the metal and insulating 
sogmentsare flush, ‘The part which takes the 
place of the usual brushes, or what I term the 

“collector,” із a disk of the same character аз 

the commutator and having a surface simi. 

larly formed with two insulating and two me- 
tallic segments. ‘These two parisare mounted 
with their faces in contact and іп such man- 
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mer that the rotation of (he armature causes 
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the commutator to turn upon tho collector, 
whereby the currents induced in the coils aro 
taken off by the collector-segmeuts and thence 
conveyed off by suitable conductors leading 
from the collector-segments. ‘This is the gen: 5, 
eral plan of the construction which I have in- 
ented: Aside from certain adjnpcta the nay 
ture aud functions of which will be hereinaf. 
ter set forth, this means of commutation will 
be seen to ‘possess many important advan- бо 
tages. In tho first place Шо short-cireuitin; 
aud breaking of the armature-coil connecte 

to Ше commutator-segments occur at Шевато 
instant, and from the nature of the construc- 
tion this will be done with tho greatest pre- 65 
cision; secondly, the duration of both the 
break and that of the short circuit will bo ro- 
duced to a minimum, ‘The first results in а 
reduction which amounts practically to asup- 
pression of the spark, sinco the break and Ше 70 
short circuit, produce opposite effects in the 
armature-coil. "Тһе весова has the effect of 
diminishing the destructive effect of a spark, 
singo this would bein a measure proportioned 

to theduration ofthespark, while lessoning the 75 
duration of the short circuit obviously ia- 
creases the elfciency of tho machine, 

The mechanical advantages will be better 
understood by referring to the accompanying 
drawings, in which— 80 

Figare 1 is а central longitudinal section of 
the end óf a shaft with my improved commu- 
tator carried thereon. Fig. 2 is a view of the 
inner or bearing face of the collector. Fig. 3 
is an end view from the armature side of a 85 
modified form of commutator, Figs. 4 and б 
are views of details of Fig. 3. Fig. G is a lon. 
gitudinal central section of another тойійса- 
tion, and Fig. 7 is asectional view of the sam 

‘Ais the cud of the armaturo-shaft of a ду: go 
namo-clectric machine or motor. 

A’ is a sleeve of insulating material around 
the shaft, secured in place by a screw, a’, or 
by other suitable means, 

‘The commutator proper is in the form of a 95 
disk which is made up of four segments, D D^ 
GG’, similar to those shown in Fig. 3. 
of these segments, аз D ТУ, are of metal and 
are in electrical connection with the ends of 
the coils on thearmature. Theothertwoseg- rco 
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ents are of insulating material. The seg- 
nts are held iu place by а band, Т, of in- 
sulating material. Tbe disk is beld in place 
by friction or by serews, such as 27 7, Fig. 2, 
28 which secure Ше disk lirmiy to the sleeve A’. 

‘The collector is made in the same fori as 
the commutator. Tt is composed of the two 
metallic segments E Е and thetwo insulati 
segments Ё I, bonnd together by а band, 

по The metallic segments Е Е' are of the same or 
practically the same width or extent as the 
insulating segments or spaces of the cominn- 

‘The collector is secured to a sleeve, I, 
by screws я у, and the sleeve is arranged to 

^is turn freely on the shaft А. The end of the 
Месте D' is closed by a upon which 
presses a pivot. pointed serew, 4, adjustable in. 
а spring, И, which acts to maintain the col- 
lector in close contact with the commutator 

«20 and to compensate for the play of the shaft. 
Any convenient means із employed to hold 
Ше collector so that it may vot tura with tbe. 
shaft. For example, I have shown a slotted 
plate, I, whieh is designed to be attached to 

‘ag а stationary support, and an arm extending 
from the collector aud carrying a clamplug- 
screw, L, by which the collector may be ad- 
щей and sct to the desired position. 

I prefer in tho form shown in Figs. 1 and 2 

до to lit the insulating-segments of both commu- 
tator and collector loosely aud to providesome 
means—as, for example, light springs e e, so- 
сито to the bands А” B, respectively, and 
bearing Against the segments—to exert а light 
as pressure upon Шеш aud keep them ia close 
Contact and to compensate for wear. ‘The 
ті segments of the commutator may be 
moved forward by loosening the screw a. 
Tho eircuit or line wires are led from the 
40 metal segments of the collector, being secured 
thereto in any convenient manner, the plan of 
connections being shown as applied to a modi- 
fied form of the commutator in Fig. 6. The 
commutator and the collector іш thas present- 
45 ing two fiat and smooth bearing-surfaces pre- 
veut, by mechanical action the occurrence of 
sparks, and this із more effectively accom- 
plished as is bero done—that is to say, by tho 
interposition of an insulating body between 
50 the separating plates or segments of the com- 
mutator and collector—than by any other me- 
chanical devices of which I àm aware. 

‘The insulating-segments are made of some 
hard material capable of being polished and 

55 formed with sharp edges. Such materials аз 
glass, marble, or soapstone may be advanta 
geously used. "The metal segments are pref- 
erably of copper or brass; but'they шау have 
а facing or edge of durable material—such аз 

бо plationm or the like--where the sparks are 
Jiable to cetur. 

Tn Fig. 3 а somewhat modified form of my 
invention is shown, a form designed to facili- 
tate tho construction and replacing of the 

6s parts. In this form the commutator and col- 
Jector are made in substantially the same man- 
ner аз previonsly described, except that the 
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bands B C. be опіцей: Tho four seg 
ments of cach part, however, are seenred to 
ibeiz respective sleeves by screws / 2, and 
оше edge of each segment is ent away, 80 that 
small plates a may be slipped iuto tlie spaces 
thus formed. Of these plates a a are of-metal, 
and aro in contact with the metal segments D 
Dy, respectively. Theother two, bb, arcof glass 
or marble, and they are all preferably square, 
as shown in Figs. 4 and 5, so that they шау 
be turned to present new edges should any 
edge become worn by use," Light springs d 
bear upon these plates and press those in the 
commutator toward those in the collector, 
insulatingsstrips с c are secured to the periph- 
ery of the disks to prevent the blocks from 
being thrown ont by cent action, "Theso 
plates are, of course, useful at those edges of 
the segments only where sparks are liable to 
occur, and, as they are easily replaced, they 
are of great advaut T prefer to coat them 
with platinum or silver, 

In Figs, б and 7 is shown the construction 
which Гизо when, instead of solid seginents, a. 
fluidisemployed. Inthiscase the commutator 
and collector are made of two insulating disks, 
ST, aud in dieu ofthe metal sopments а space 
is cit out of each part, as at RW, correspond 
ing іш shape and size to a metal segment. 
‘The two parts are fitted smoothly and the сој; 
lector T held by the serow И and spring H 
against the commutator 5. Аз in the other 
cases, the commutator revolves while the col- 
lector remains stationary. ‘The ends of the 
сойз are connected to binding: posts з s, which 
aro in electrical connection with metal plates 
tt within the recesses in the two parts S T. 
‘These chambers or recesses aro tilled with 
mercury, and ia the collector part are tubes 
W W, with serows vci, carrying springs X 
and pistons Х which compensate for the сх. 
pansion and contraction of the mercury under. 
varying temperatures, but which are sufis 
cleutly strong not to yield to the pressure s 
the fluid dne to centrifugal action, and whic 
serve as binding posts. 

Та all thoabove eases I ате described com- 
matators adapted for.a single coil,and the de- 
vice is particularly adapted to snch purposes. 
The number of segments шау be increased, 
however, or more than one commutator used 
with a single armature, as will be well under- 
‘stood. 

Although Thaveshown the bearing-surfiees 
as planes at right angles to the shaft or axi: 
it is evident that iu this particular the eo 
struction may be very greatly modified with- 
out departure from the invention. 

‘Without confining myself, therefore, to the 
details of construction which I have shown in 
illustration of (ће invention, what I claim as 
now is— 

1. In а dynamo-electrie machine, the com- 
bination, with a commutator form d with con- 
ducting terminals or segments with interven. 
ing iosulating-spaces, of a collector adapted 
to bear upon the surface of the commutator 
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and formed with conducting terminals or seg- 
ments equal in extent to Ше insulating space 
*Letwecn thecommutator-segments,asset forth. 
2. The combiuation, with a commutator 
5 buit or formed of alternate blocks or seg- 
meuts of conducting and insulating material, 
of a collector adapted to bear upon the surface 
of the commutator and formed uf conducting 
blocks or segments of a width or extent equ: 
Jo to thatof theiusulating segments of the com- 
mutator and separated by interposed blocks 
or segments of insulating material, as de- 
scribed. 
3. The combination, with a commutator 
15 formed as a disk with alteruate terminals or 
segments of conducting aud fusulatiog ma- 
terial, of a collector similarly formed aod 
mounted with its face in contact with that of 
the commutator, as set forth, 


зо 4. The combination witha commutator bay 
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ing a beariog-surface formed of alternate sec- 
tions of conducting and insulating materiat, 
of acollectot with asimilarandsymmetrically: 
formed beariog-surface and means for apply- 
ing spring pressure to force the two bearing- 
surfaces together, as set forth. 

5. ‘The combination, with a commutator and 
a collector the bearing-surfaces of which aro 
identical іш respect to Ше disposition of the 
conducting and iosulating parts, of meaus for 
applying spring-pressure to maintain the ито 
bearing-surfacesin contact and means for bold. 
ing the collector against rotary movement, аз 
set forth. 
.. Signed this 2st day of April, 1587. 


NIKOLA TESLA. 


Witnesses: x 
Ronr. F. GAYLonp, 
Енахк Б. HARTLEY. 
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To all whom it may concerns 
Be it kuown that 1, Nikora Testa, from 
Smiljan Lika, border country of Austriá- Hun- 
Kary, residing at New York, N. Y., bave ia- 
5 vented certain new and useful Tuprovemeots 
in Electro-Magnetic Motors, of which the fol- 
lowing is a specification, reference being bad 
to the drawings accompanying aad forming a 
part of the same, 

The practical solution of the problem of the 
electrical conversion and transinission of ше 
chanical euergy involves certain requirements 
which the apparatus and systems heretofore 
employed һауе not been capable of fulfilliog. 
Such а solution, primarily, demands а unt 
formity of speed 1n the motor irrespective of 
its loud within its vor mal working limits. Оп 
ibe other baud, 
greater есопошу of conversion Шай bas bere- 
tofore oxisted, to construct cheaper and moro 
reliable and simpleapparatns, and, lastly, Ше 
Apparatus must, be capablo of easy manage- 
ment, and such that all danger from the use of 
currents of high tension, which are neces- 
sary to an economical transmission, шау be 
avoided. 

My present invention is directed to the pro- 
ductiou and improvement of apparatus capa- 
bie of more nearly mecting these requiremeute 
than those heretofore available, and though I 
bave described various means for the purpose, 
they inyolve the same wain priaciplesof con- 
struction and mode of operation, which may be 
described as follows: A motor is employed in 
which Шеге are two or more iudepeudent cir- 
cuits through which alternate curreota аге 
passed at proper iutervals,inthp mauner bere- 
inafwr deseribed, for the purpose of effecting 
a progressive shifting of the magnetism or of 
tbe “lives of force’ in accordance with the 
well-known theory, aud a consequent action 
of the molor. Tt is obvions that a proper 
progressive shifting of the lines of force may 
bo utilized to set up а movement or rotation 
of сішег element of the motor, the armature, 
or tbe field magnet, aud that if the currents 
directed through the several circuits of the 
motor arc iu the proper direction no сошша- 
tator for the motor will be required; but to 
«о avoid all the usual commntating appliances із 
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is necessary, to attain а. 
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the system I prefer to сопоесь the motor-eir- 
cuits directly with those of a suitable alter- 


1105206 I* to $', inclusive, are dia- 
justeating the principle of the action бо 
‘The remaining figures are 
views of the apparatus in various forms by 
means of which the invention may Le carried 
into effect, aud which will be described in 
their order. 65 
Referring first to Fig. У, which isa uiagram 
matic representation of a wotor, a generator, 
and conatctiog circuits in accordance with my 
invention, Mis the motor, and G the goner- 
ator for driviug i. ‘The motor comprises а то 
ring ог anulus, R, preferably built up of 
tin insulated irou riogs or annular plates, во 
аз to beassusceptihleas possible to variations 
in iu oagoctic condition, Tuis ring is sur 
rouoded by (оог coils of insulated wire sym: 75 
metrically placed, aod designated by CCC С, 
‘Tho diametrically-oppositecoils are connected 
пр зо as to co-operate in pairs in producing 
free poles oa diametrically-opposite pacts of 
the ring. The four free ends thus leltare con- $o 
nected to termicals T T 1” Т, as indicated, 
Near Ше ring, and preferably inside of it, there 
is mounted on au axis or shaft, а, a magnetic 
disk, D, generally circular io shape, but hav- 
ing two segments cut away, аз shown. This 85 
disk is mounted во as to turo freely within the 
тїрє R. The generator С is of ару ordinary 
type, that shown ia the present instance hat- 
ing ficld-magoets N S aud a cylindrical arma- 
ture-core, A, wound with the two coils В В. уо 
‘The free ends of each сой are sarrled through 
the shaft a’ and connected, respectively, toin- 
sulated coutact-rings b bU И, Апу conven. 
ient form of collector or brush bears on each 
ring and forms a terminal by which the cur- 95 
rent to aod from a ring is conveyed. "These 
terminals аге coppccted to the terminals of 
the motor by the wires L and 1/ іп the man- 
ner iodicated, whereby two complete circuits 
are formed--oae including, say, tho coils B of too 
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the generator С 0 of the motor, and tbe otber 
the remaining coils Б' and C Cofthe generator 
and tlie motor. 

It remaios now to oxplaio the mode of op- 
eration of this system. and for this purpose I 
refer to the diagraia, Figs. 1 toS, and 1° 19%, 
{огап illustration oftbe various phases through 
which the coils of the generator pass whea in 
operation, and the corresponding and.resalt- 
өші magnetic changes produced in the motor. 
‘The revolution of the armature of the gener- 
ator between the £eld-magaets NS obvionsly 
produces in the coils В D' alternating currente, 
‘the Intensity and direction of which depend 
Upon well-kuowelaws. Inthe position of tho 
coiis indicated in Fig. 1 tbe current in the 
coil B is practically xil, whereas the coil B'at 
the same titac is developing Its maximam cor- 
rent, and by the means indicated із the de- 
scription of Fig. 9 the cireult including this 
coil IY may alao include, вау, the. coils О C of 
the motor, Fig. 1% The result, with the proper 
connections, would be the magnetization of 
the riog R’, the ‘poles boing ош the line N S. 
‘The sanie order of convections being observed 
between the сой B aod tbe сойз C^ the latter, 
when traversed by а current tend to fix the 

Лез at right angles о the line N S-of Fig. 15, 
We resuits, therefore, that when the веселое: 
есін have made one eighth of в revolution, 
reaching the position shown in Fig. 2, both 
pairs of coils C and С will be traversed by 
Currents and act in opposition, in во far аз Шо 
locatipn of the poles i$ coueerued, The posi 
Шов of the poles.will therefore be the resolt: 
‘at of the magnetizing forces of the coils—t 
is to say, it will advance along the ring t. 
position’ correspouding to.one eighth of the 
Tevolutioa of the armaturo of tue geuerator. 
In Fig. 3 the armature of the generator has 
progressed to one-quarter of arevolntion, At 
the point indicated the correct in the cvil В 
is maximum, whjlo in B' it із mil, the latter 
coil being in its neutzal position. ' Тре poles 
of the ring R in Fig. 3 will, fn covsequence, 
be shifted toa positiun ninety degrees from 
that at the start, as shown. I have in like 
maooer shown the conditions existiog at each 
successive eighth of one revolution in the re- 
лазіоіор figures. А sbort reference to these 
figures will suffice foran understanding of their 
significance. Figs. 4 and 4*illustrate tlie con- 
ditions which exist when the generator-armu- 
ture has completed three eighths of a revolu- 
tion. Here both coilsare generating current; 
but the coil В’, having now entered the oppo- 
site field, is generating ^ enrrent in tbe oppo- 
site direction, baving the opposite magaetiz- 
ing effect; hence Ше resultant pole will be on 
the line NB, asshown, In Fig. 5 one-half of 
опе revolution of the armature of the gener- 
‘been cowpleted, and the resulting 
іс condition of the ring issbown in Fi 
f. In this phase coil B isin tbe neutral posi- 
tion while coil В' is generating its maximam 
current, which je in the same direction ns іп 
Fig. 4. The poles will cousequently besbifted 
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through onā half of tbe ring: Io Fig. 6 the ar- 
mature hes completed Gve-eighiths of arevolu- 
tion.. Та this position coil 2j develops a less 
powerfal current, but in the same direction as 
before. The сой B, оп the other hand, having 
entered а беја of opposite polarity, generates 
а current of opposite direction. ‘The resultant 
poles will-tberefore be ia the 3 
ог, in other words, the poles of tke ring 
be'shifted aloog Gve-eighths of its periphery. 
Figs. 7 and Т* in the кате manner illustrate 
the phases of the generator nnd ring at thre 
Quarters of a revolution, und Figs, 8 md 5 
the same at seven-eighths of a revolution of 
the generator armatare, These figures will 
be readily understood Trom . the foregoing. 
When a complete revolatiou isnecomplished, 
the conditions existiog at tho start me ro-es- 
tablished and the same action is repeated for 
the next and ail subsequent revolutions, and, 
їо general, it will now he сеп that overy revo- 
lution of the armature of the generator pro. 
duces а corresponding shifting of-the poles or 
lines of force around the ring. ‘This effect I 
utilizo iu producing the rolatiou of a body or 
armaturo in a variety of ways—for example, 
applying the principle above described to tbo 
pparatas shown ju Fig. 9. The disk D, ow- 
ing to its tendency to assume that position in 
which it embraces the greatest possible num. 
ber of the magnetic linos, із set in rotation, 
following the motion of the lines ortho points 
of greatest attraetion. 

The disk D ia Fig. 9 is shown as cnt away 
| оо oppositesides; bui this, I bave found, is not 

essential to effecting its rotatiou, as a circular 
disk, s Jodieated By dotted lines, iv also aet 
iu rotation. "bis phenomenon I attribute to 
a сегізіо inertia or resistanco iuberent in the 
metal to'the rapid sbifting of the lines of force 
through the same, which results in a continu- 
оса tangential pull upon the disk, cansing its 
rotation. This seers to be confirmed by the 
fact that a circular disk of steel is more effect 
ively rotated than оле оГ soft fron, forthe ren 
боз that the former is nssumed tó possess a 
greater resistance to the shifting of the mag- 
netic lines. á 
Tn ilinstratiou-of other forms of m; 
ioo, T shall now describe the remain 
of Ше drawings. 

Fig. 10 is а view in elevation and part ver- 
ical Section of a motor. Fig. 12 is n top vi 
of the same with the field in section aud a di 
gram of connections. Fig. 11 is an пі oF 
Eide view of a geuerator with the fields iu scc- 
Моп, This form of motor may be used in place 
of that shown above. D is a cylindrical or 
rom armatoro core, which, for obviona гед. 
sons, éhould besplit up as far as practicable to 
prevent the circulation within it of currents 
Gf iuduction, "he езге is wound loogitudi- 
nglly with ғо coile, Eand ЕЁ, theendsof which 
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red 


are respectively eonuceted to insulated соп- 
tact-riogs dd 2727, carried by the ahaft a, upon 
which the armatnre is mounted. ‘Tho arnia- 
ture is set to revolve within an iron shell, R, 
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Аз a generator for driving 
this motor 1 may use the device shown in Fig. 
11. This represents an aupular or ring arma. 
ture, A, surrounded by four Ше F F F Р, of 
which those diametrically opposite are con- 
nected in series, so that four free ends are left, 
which are connected to the iosalated contact- 
rings bb у ју. The ring is suitably mounted 
on а враћа", between the poles N S. . The 
contact*rings of cach pair of generator-coils 
are connected to these of the motor, respect- 
ively, by means of contact-brusbes and the 
two pairs of conductors L L' and 17 1/, as in- 
dicated diagrammatically in Fig. 12. Now it 
js obvious from a consideration of the preced- 
ing figures that the rotation of the generator- 
ring produces carrents in the colle Е F', whicb, | 
being transmitted to the motor-coils, impart to 
tbe core of the latter magnetic poles constantly 
abifting or whirling around the core. Tbis 
effect seta up a rotation of the armature ow- 
ing to the attractive force between the sbell 
and the poles of the armature, bat inasmuch 
аз the coils іо this case move relative to tho 
shell or field maguet the movement of the 
coils is in tho opposite direction to the pro- 
gressive shifting of the poles. 
35 Other arrangements of the coils of botb gen- 
erator and motor are possible, and a greater 
nuwber of circuits may be used, as will be seen 
io the two васссейїов figures: 

Fig. 13 isn diagrommatic illastration of a 
motor and а generator constructed and con- 
nected іп accordance with any invention. Fig. 
14 is ар end view of the generator with its 
feld-magnetein section. "The field of the mo. 
tor M is prodnced by six magoetic poles, G' 07 
веспгей to or projecting from a ring or frame, 
H. These maguets or poles are wound with 
insulated coils, those diametrically opposite 
to each other being connected in pairsso as to 

roduce opposite poles in cach pair. This 
Reaves six free ends, which are connected to 
the terminals T T T TT” Т". The armature, 
‘which is mounted to rotate between the poles, 
is a cylinder ог disk, D, of wrougtircn, 
nrounted on the вћаћ а, "'wo segments of 
the вше are cut away, as shown. The gen- 
erator for this motor bas іп this iostance 
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an armature, A, wound with three coils, K | 


K' K”, at віну degrees apart. The ends of 
trese coils аге connected, respectively, to in- 
sulated contact-rings e ё 2,67 e. These 
rings ure connected to those of tbe motor in 
poper order by means of oollecting-brüsles 
and six wires, forming three independent, cir- 
cuits. The variations in the strength and di- 
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65 rection of the currents transmitted through 
these circuits and traversing the coils of the 
© motor produces steadily-progressive shifting 


то 


vill be understood fron: this apparatus, 
F Referring, now, to Fige. 15 and 16, Fig. 15 
is a diagrammatic representation of а modifi- 


75 


fied disposition of my invention. Fig. 16 isa 
horizontal cross section of the motor. inthis 
case 2 disk, D, of maguetic metal, preferably 
cut away at opposite edges, as sbown in dot. 
ted lives іп Fig. 15, is mounted во as to tura 
freely inside two stationary coils, № N”, placed 
at right angles to one another. "Тһе coils are 
preferably wound on a frame, О, of insulating 85 
material, and their ends are connected tothe 
fixed terwinals TT T'T. The generator G is 

в representative of that class of alterontiug- 
curreat machinesio which astationary induced 
element is employed. That shown consists of уо 
а revolving регшашеш or electro maguet, А, 
and four. independent stationary magnets, Р 
Р, wound with coils, those diametrically ор» 
posite to each otber being connected in series 
aod baving their ends secured to the termi- 
паја Е 06 From these terminals the cur- 
roots are led to the terminals of the motor, as 
shown in the drawings. The mode of opera. 
tion is substantially the same as із the previ- 
‘ous cases, the curreuts traveraing tbe coils of 100 
the motor having the effect to turn the disk 

D. This mode of carrying out the invention 

has the advantage of dispensing with the slid. 

ing contacts ia the system. 

о the forms of motor above described only 105 
опе of the elements, the armature or the feld- 
magnet, is provided with energizing-coils. It 
remains, then, to show how both elements шау 
ђе wouud with coils. Reference is therefore 
Вай to Figs. 17, 18, and 19. Fig. 17 is an end 
view of such a motor. Fig. 18 is a similar 
view of tbe generator with the field-magnets 
in section, abd Fig: 19 isa diagram or the еїг- 
cuit-connections.. Tu Fig. 17 the ficld-magnet, 
of the motor consists ofa ting, E, preferably of 
thio iosu:aled iron sheets or bands with eight 
pole pieces, G’, and corresponding recesses, ia 
‘which four pairsof coils, У, аге wound. The 
diametrically‘opposite pairs of coiis are con- 
nected inseries and the free ends connected to 
four terminals, w, the rule to be ‘followed іа 
connecting beiug (ће same as bereinbefore ex- 
plained. Anarmature, D, with two coils, ЕЕ, 
at rightaogles to each otber, is mounted to ro: 
tateinsideof the feld-magactR, The ends of 
the armatare-coils are connected to two pairs 
of contact-rings. 444 4, Fig. 19, . The gener- 
ator for this motor muy be of any suitable kind 
to produce currents of the desired character. 
Та the preseut instance it consists of a Seld- 
magnet, N S, and an armature, A, with two 
сойва right angles, the ends of which are соп. 
nected to four contact-rings, 8 0 У b', carried 
by itsshaft. ‘The circait-coonections are es- 
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tablished between the rings оп the generator 

Shaft aud thoso on-the niotor-sbatt by collect- 
іш brusbes aod wires,as p yetionsly explained. 
Tn'order to properly energize Ше ñeld-magact 

$ vf the moror, however, the couitections.are so 
made with the armature coils or wires айі 
thereto that while the poiuts of greates 


“А 
traction or greatest density of magnetic lines 


of fore 
direction those проп the field-maguet are wade 
to progress iu an opposite direction. Та other 
respects the operation із identically tbe ваше 
as in the otber cases cited. Thisarrangement 
resulte jn au inereased speed of rotatiou, 19 
Figs. 17 and 19, for example, the terminals of 
each set of field-coils are connected with the 
wires to the two armatury-coils in such way 
that Lue Geld-coils will твайнайа opposite poles 
{п edvance of the poles of the armature, ~ 
Та the drawings the field сойз are in shoots 
to the armature, but tbey шау be in series or 
in independent circuits, 
1L is obvions that the same principle may be 
applied to the various typical forms of motor 
25 hereinbefore described. 
~ Haviug now described the rature of my io- 
‘vention aud some of the various waysin which 
it is or may be carried iuto effect, I would call 
attention to certain characteristics which the 
зо applications of the invention possess aud the 
advantages which tbe ipventiou secures. 
* In my motory considering for convenience 
(hat represented in Fig. 9, it will be observed 
that since the disk D bas a tendency to follow 
35 continuously the роћив vf greatest attraction, 
and since these points are shifted around the 
riug vuce for cach revolution of the armature 
of the generator, it follows that the movement 
of the disk D will be synchronous with that of 
до the armature А. This feature by practical 
demonstrations I have found to exist ia all 
other forms in which one revolution of 
‘armature of tho gencia'or produces a shifting 
of the poles of the motor through three hua: 
48 dred aud sixty degrees. 1 
То the particular construction shown in Fig. 
15,or jo others constructed on a similar plan, 
he number of alteraating impulses resulting 
from one revolution of the generator arma 
50 ture is double as compared with the preced- 
ing cases, aud tbe polarities іп the motor аге 
shifted arouud twice by oue revolution of the 
generator-armature. The speed of the motor 
Will, therefore, be twice that of tbe generator. 
55 "The sae result is evideatly obtaiaed by sach 
a disposition as that shows iv Fig. 17, where 
the poles of both elements are shifted іп op 
posite directi 
in, considering theapparatus illustrated 
G5, by Fig. 9 as typical of the invention, it is ob: 
vious that siuce the attractive effect upon the 
disk D is greatest when the disk ів іо its 
proper relative positiou to the poles devel- 
‘oped in the ring R—that is to say, when its 
65 ends or pole» immediateiy follow those of the 
ring-the speed of the motor for all tho loads 
within the normal working limits of the mo- 
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ou the armature are sbitted in one | 


tor wilt be practically constaot, ` It is clearly 
apparent that the speeu сап never exceed the 
arbitrary limit аз determined bj the gener, jo 
ator, and also that within certain limita at 
Jeast the speed of the motor will be Independ- 
ent of the strength of the current. 

Ic will now be more readily geen from the 
above description how far the reqairemeuts of 75 
а practical system of electrical trausmission 
of power are realized in my invention, Те: 
сиге, first, a weiform speed vader all loads 
within the normal working limits of the mo: 
tor without the use cf any auxiliary regulator: 80 
second, syachronism between tho motor aud 
geverator; third, greater efficiency by the 
шөге direct application of the curret, uo 
tommutating devices beiog required on either 
the motor or generator; fourtb, cheapness and ву 
simplicity of mechaoleal construction and 
economy iu maioteuanee; ВЕЋ, the capability 
of being very cusily managed or controlled; 
and, sixth, diminution of danger тош injury to 
persons and apparatus, 2% 

"Теве wotorstnay be run io series, multiple 
are or multiple series, under conditions weli 
wuderstood by those skitled iu the art, + 

"The meaus or devices for earrylog out Ше, 
ргіпсіріө may be varied to a far greater ex-.95 
ient Шап I have been able to iudicate; but I 
regard аз within шу ioveation, and I desireto 
secure by Letters Pateut in geueral, motors 
containing two or more independent circuit 
гондо which the operating-currents are led доо 
io the manger described. Ву “independeut” 

I do not mean to imply that the circuits аге 
necessarily Isolated (соці one another, for in 
коше instances there might be electrical con- 
actions between еш to regulate ог modify 105 
the action of Ше motor without necessarily 
producing new or different action. 

I am aware that the rotation of the arma. 
ture of a motor wound with two energizing- 
coils at right angles to each otber has been 110 
elfected by аа intermittent shifting of tbe en- 
ergizing effect of both coils through which а 
direst current by moans of mechanical de- 
vices has beeu transmitted in alternately.op- 
posite directions; but this method or plan Ire- 115 
gard as absolutely impracticable for the pur- 
poses for which my invention 15 desigaod—at 
least ou any exteuded scale— for the reasons, 
mainly, that a great waste of energy із noces 

involved unless the number of energiz- 130 
ing cirecits is very great, and that the inter- 
ruption and reversal of a current of ару con: 
siderable strength by weans of soy known 
mechanical devices is a motter of the greatest 
dilticalty aud expense. 125 

Та this application T do not нїш the method. 
of operating motors which is һегеш involved, 
baving wade separate application for such 
method, 

I theréfore claim the following: 430 

1. Tae combination, witt а motor contain- 
iug separate or independent circuits on tho 

rinature ог Seld-magact,or both, of an alter. ` 
pating-earreot generator coutainiog induced 
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circuits connected iodepeodeotly to corre 
sponding circoits in the motor, whereby а ro 
tation ofthe generator products progressive 
shitting of the poles of tbe motor, as berein 
5 described. 

2. In a system for the electrical transwis 
sion of powor, tbe combination of a motor pro 
vided with two or more iodependent magnet- 
iziog-coils and an alternating current gener- 
тог contaiulng ibduced coils corresponding to 
Une motor coils, aod circuits connecting di- 
тесу the motor and generator coils іп sach 
order that the curreats developed by the gea- 
erator will be passed- through the correspond. 
ing wotor-coils, and thereby produce а pro- 
[Өнө shiftiog of the poles ог the motor, as 

erein set forth. 

3. The combination, with a motor haviog 
ао aouular or ring-shaped Geld maguet and а 
cylindrienl or equivalent armatare, and iode- 
pendent coils өз the Geld-magactor armature, 
or botb, of an alteroating current generator 
having ‘correspondingly iodependent coils, 
and circuits iocluding the gonerator-coils aod 
45 eorrespoodiog motor coilsio encb maozertbat. 


зо 


the rotation of tbe депегаог causes a pro- 
gressive sbifting of the poles of tbe wotor in 
the manner set fortb, 

4. In a system for the electrical transmis- 
siou of power, the combination of the follow. 
ing instrumeutatities, to wit: a motor com 
posed of a disk or its equivalent mounted 
witbio а Но or aonular feld-magnet, biel 
is provided witb magnetizing-coils connected 
ia diametrically-opposite pairs or groups to 
independent terminals, a generator bavivg іо. 
duced coils or groups of coils equal in number 
to the pairs or groups of motor-coils, aod сіг. 
cuits connecting the terminals of said coils to 
the terminals of the motor, respettively, aed 
їо such order that the rotation of the gener- 
Ator and tbe consequent production of aer. 
nating currents іо the respectivecircaits pro 
duces в progressive shifting of the poles of tbo 
motor, аз hereinbefore described. 
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To all whom it may concern: 
Be it known that 1, NIKOLA Test. 
Smiljan Lika, border cowulry of Austria: Hun 
now residing iu New Yorkin the county 

tute of New York,have invented certain 
v and useful Improvements in 
е Motois,of which the following is a speci 
ition, reference being had to the drawings 
accompanying and formingapart of the same. 


о өп filed October 12, 
1 have shown and descrihed 

а novel form of eleciro-magnetie motor and а 
mode of oneraing the sa ich may be 


xoweratly described ae follows: "Ile motor ік 
wound with coils forming independent ewer- 
izing clreuits оп either the armature or Geld 
Тоир, or both, it issnflieient for present pur- 
to consider the caso in. which the coils 
he armature осу) and these сой аге 
connected пр with corresponding circuits ou 
alternating current generator. As the re- 
t of this, currents of alternately-opposite 
divection aresent through the energizing: coils 
of the motor in such minner as to produce 
progressive shifting or rotation of the mag 
мепа poles of the armature. This movement 
of the poles of the armature obvionsly tends 
to rotate the armature ia Ше opposite direc. 
tion to that in which theimovement of the poles 
takes place, owing to tho attractive forco bo- 
tween said poles and Шо ПМ uagnots,and the 
speed of rotation increases from the start un- 
UL it equals that of tho generator, supposing 
Duth motor and generator to bo alike, 
As tho poles of the armature are shifted in 
а direction opposite to that in which the arma- 
ture cotates,tb will be apparent that when the 
ix attained tho poles of the 
uro will assumoa fixed position relative. 
1o the fickd-wagnel, and that in consequence 
га by mag- 
netic induction, exhibiting twodistinet poles, 
опе in cach of the pole-picccs. In starting 
the motor, however, the speed of the 
lare being comparatively slow, the pole-piece 
ave snbfested to rapid reversals of magoetic 
polarity; but as the speed increases ese re- 
versals become less anil less frequent, and 
finally cease when the movement of the arma. 
зо Lure become synchronons with that of the gén- 
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erator, ‘This being the case, tle ield-coresand 
the pole;pieces of the mutor become a mag 
net, but by induction ошу, 

T have found that advantageous results are 
secure by winding the field-mognets with а 
coil or coils and passing a continuous current 
голаћи them, thus maintaining a permanent 

‘nil in this feature my present jovention 


ists, 
1 shall now describe the apparatus which I 
lave devised for carrying out this inveution 
п the mode of using or operating 


re 1 is ап end view in elevation of my 
improved motor, Fig. 2 isa part horizontal 
central section, and Fig. 3 is a diagrammatic 
representation’ of the motor and generator 
combined aad conuected for operation. 

Tet A А in Fig. 1 represent the legs ог polo- 
pieces’ of a Geld-magnet, around which are 
coils В D, included in Ше circuit of а contin- 
nous-current generator, C, which is adapted 
to impart magoetigin to the said. poles in thy 
onlinary пано 

y are two independent coils wound upon 
a suitable cylindrical or equivaleot armaturo- 
core, which, like all others used in a similar 
manner, zhould he split or divided up into al- 
ternate magnetic and оваа Тој parts in the 
usual way. This armatarois mounted iu пон 
magnetic Cross-bars Б E, secured to the poles 
of the fichl-magnet. ‘The termioals of thear- 
maturo-coi!s 2) ТУ аге connected to insulated 
g contact-rings а a b bcarried by the ar- 
mature ярай, and brushes с с bear upon these. 
rings to convey to the coils the currents which 
Ш Мог. 
lor for operating thia molor isor 


. i Из parts, us follow: 
imagnels, energized by а con 


ем 
passing іш its Geld-coils,G G; ІС" the coils 


Carried by the cylindrical armature; d 4 e v, 


Ше friction or collecting rings, hy the 
armatureshaft and forming ti ls of 
the armatare-coils; and f f', the collecting- 


brushes which deliver the cürrents developed. 
in the nrmotore-coils to the two circuits 9 2) 
which connect the geacrators with the motor 
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‘pie operation of this systam wIN be under- 
stood from the foregoing. ‘The action of the 
frenerator,by causing a progressive shifting of 
tha poles in the motor-erimature,sets up in tbe 
niter а rotation opposite iu direction to that 
зо which the poles move, If, now, the continu- 
ous current bo directed through tho field coils, 
то as to strongly cuergizo tho magnet А A the 
speed of tbe motor, which depends проп that 
of the generator, will not be increased, but tbe 
power which produces its rotation wilt be in- 
creased in proportion to the energy supplied 
through the coils В В. 

Tt is characteristic of this motor that its di- 
rection of rotation ia not reversed by revers. 
Ing tho direction of the current through its 
боја со, for the direction of rotation de- 
pends not upon tho polarity of tho field, but 
Upon ше direction in which the poles of the 
әгөлішіе are shifted. То reverse the motor, 
the connections of either of the circuits g 7 
most be reversed. 

T havo foued that if the field-maguet of tho 
motor be strongly energized by its coils D B 
and the circuits through the armature coils 
closed, assuming the generator to be running 
ша certain speed, the motor will not start; 
but if the field be but slightly energized or in 

eneral in such condition that the magnetic 
nfluence of Ше armature prepouderates in 
determining its maguctic condition tbe motor 
will маг} and, with sufficient current, will 
reach ité maximum or norntal speed. For this 
reason it is desirable to keep at tho start and 
mutil the motor has attained its normal speed, 
ог nearly го, the field circuit open or to per- 
pit but lulls current to pase through It., T 
have found, however, if the fields of both the 
enerator aud motor be strovgly energized 
that atarting the generator starts tho motor, 
and that tbe speed of the motor is increased 


in syocbronism with the generator. Motors 
constructed and operated on this principle 
maintain almost absolutely the same speed for 
Il loads within their normal working-limits; 
and іп practice I bave observed that if the 
motor be overloaded to such au extent as to 
check its speed the speed of the generator, if 
its motive power be not too great, із dimin- 
ished synchronously with that of the motor. 

Т bave in other applications shown how the 
construction of these or similar motors may 
be varied in certain well-known ways—as, for 
instance, by rotating the Geld about a station 
ary armature or rotating conductors withia 
the Geld; but I do not illustrate these features 
farther herein, аз with the illustration which 
Thave given I regard the; rest аз within Ше 
power of a person, skilled iu the art to con 
struct. 

‘The present foFm of motor iè cheap, simple, 
reliabie, and casy to maintain. It requires’ 
the simplest type of genergior for its opera- 
tion, and when properly constructed shows a 
а 

do not claiu herein tho method of trans: 
mitting power which this system involves, 
having made it the subject of another appli» 
cation for patent, 

What I claim is— | 79 

"Тһе combination, with а motor having ію.. 
dependent energizing or armature circuits, of 
an alteruating-current generator with corres 
‘sponding induced circuits connected with the 
motor for effecting a progressive shifting of 75 
the poles of the motor.armature, and à source. 
of continuous current for energizing the field 
of said motor, as set forth. 

NIKOLA TESLA. 

Witnesses: 


‘FRANK В. МОВРИТ, 
Frang Б. HARTLEY. 
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To all whom tt may concern: 
> Bo it known that I, NIKOLA TESLA, 
Jost of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, now 
5 residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements Ја Eléctro-Magnetle Mo- 
tors, of which the following із a specification, 
referenco being bad. to the drawings accom: 
10 panyiog and forming a partof the same. 
Та а former application, filed October 1 
1887, No. 252,132, I bavo shown and descri! 
а mode or plan of operating cloctric motors by 
auslog n progresalve shifting of the poles of 
15 due or both of tho parts or elementa of a mo- 
tor—that 13 to say, of either the field magnet 
oF maguels or armalnte, or both, T accom: 
a lish this by coustructing a motor with two or 
more independent energizing-circuits, оп the 
20 fieid-magnels,forexampie, and I connect theso 
ар with corresponding induced or generating 
circuits in an alternatiog-eurrent generator, so 
that alternating currents aro caused to trav- 
erso tho motor . circuits. Ву so doing the 
25 poles of the field-magnet of the motor are pro- 
gressively shifted, and by their attraction upon. 
а rotary armoluro веб пр a rotation in the lat- 
ter In the direction of the movement of the 
poles. In this case, however, tho rotation is 
зо produced and maintained by tho direct attrac- 
tion of the níagnetic elements of the motor. I 
bavediscovered that advantageous results шау 
Ъо восигей in thissystem by utilizing the shift- 
Jog of the poles primarily to setup carrent 
5 a closed conductor located withiu the influence 
of the field of the motor, so that the rotation 
may result from the reaction of such currents 
upon the field. 
"To illustrate more fully the natare of the in- 
до vention Irefer to tho accompanying drawings. 
Figure 1 represents in side elevation. the 
operativo parts or elements of a motor em- 
bodyiog the principles of my inyentfon, aud 
jo section thegeucrator for operating theeame. 
45 Fig. 215a horizontal central section of the mò- 
tor in Fig. 1,the circuits being shown partly in 
diagram. Tig. 3 is a modified form of motor 
ju side elevation. Fig. 4 isa central horizon- 
tal cross-section of Fig. 3. 
go, In Figs. 1 aud 2, A is ап annular core ofsoft 
3 “fron, preferably laminated or formed of io- 


sulated sections, so asto bo susceptible Lo rapid 
variations of magnetism, This core is wound 
with four coils, CC C C, the diametrically-op- 
posite coils belog connected lu the same сіг. $$ 
cuit, and the two freo ends of each pair boing 
brought to the terminals {ап t^ respectively, 
as shown. , Within this annular field-magnet 

4 ia mounted а юг caller or dik D, ~ 
on an axis, a, in bearings 0 b, properly sup- бо 
ported by the frame-work of the machine, 
"Tbe disk carries two coils, E E', of insulated 
wire, wound at right anglesto one another,aud 
having their respective ends Joined, so that 
cach coil forms a separato closed circuit, 

Та illustration of the action or mode of op- 
eration of this apparátus, let itbe assumed that 
tho annular ficld-maguet A is permanently 
magnetized, so as to present two freo poles dias 
metrically opposite. If sultablo mechanical 70 
provision be now made for rotating the field- 
magnet around the disk,the apparatus exem- 
plifies the conditions of an ordinary magueto- 
Eeneratorand currents would be it upin tho 
Coils or closed cooductors E Е' on the disk D. 75° 
Evidently these currents would be the most 
powerful at or neàr the points of the greatest 
density of tho Ines of force, and they would, 
эз in all similar cases, tend, at least theoreti- 
cally, to establish magnetic poles in the disk 80 
D at right angles to those in the annular fictd- 
magnet A. As a result of the well-known 
reaction of these polarities upon each other, 

а more or less powerful tendency in the disk 

to rotate in Ше same direction as tat. of tho 85 
ficld-magnet would be established. 10 on the 
other hand, the riog or avnular icld-magnet 

А be befd stationary and its magnetic poles 
progressively shifted by passing through its 
сойз С C properly-alternated currents, it is до 
obvious tbat similar results will follow, for 
the passage of the currents causing tho shift- 
ing or whirling of Шо poles of the ficld-rag- 
net A induces currents іо: the closed circuits 

of Ше armaturo coils Е 17, with the result of 95 
solting up a rotation of the disk D in the same 
direction of such shifting. Inasmuch os the 
currents aro always induced or generated in 
the coils E E' in the samo manner, the poles 

of the disk or cylinder follow continuously 109 


65 


-the poles of the aonular field-magnet, maln- 


taining, at least theoretically, the same rele- 


E 382279 
ive positions. "This results іп ап even and | together in series and their free ends brought 
perfect action of the apparatus. to terminals £ Г, respectively. Between the 


In order that the system as а whole may bo. 
hetter understood, T shall now describe the 
5 mode or plan devised by me for producing the 
currents that effect the progressive shifting of 
the poles of the motor. 

Іш Fig. 1, BB are the poles or pole pieces 
of an aitefuating-current generator. They 
are permanently magnetized and of opposite 

F isa cylindrical or other armature 

ш the independent coils G^. ‘These 
Wound at right angles, so that while 
one is crossing the stroogest. portion of the 
field of force the other is at the neutral point. 
The coils G G' terminate in the two pairs of 
ings f and f’,upon whieh 
г the brushes yy. Four wires connect the 
tor-torminals £ à г with the brushes gand 
respectively. When the generator 18 ro- 
id, thecoil G will atthe certain point shown 
з ог generating its maximum 

currént, while сой G'is neutral. Let it beas- 

sumed that this current ix conveyed from the 
25 rings f. fto the terminalst land through the 
coils СО, Its effect will be to establish poles 
in tho ring midway between the two coils. 
By the farther rotation of the generator the 
coil G' is brought within the influence of the 
ficld and begins to produce a current, which 
tronger as the said coil appre: 
points of the field, 
current produced in the сөй С 
the said coil recedes from those 
current from the сой 67,0 nveyed to 
the terminals С t and throngh cuils (* C, has 
^ Lendeney to establish poles at right angles 
to those set up by the сойз C C; but owing 
to the greater effect of the current in coils С 
C the result із merely to advance the poles 
from tho position iu which they would remain 
if due to the magnetizing influence of coils С 
© alone. This progression continues for a 
quarter.revolution until coil G G becomes 
aentral and coil G’ G produces its maximum 
current. The action described is then ro- 
peated, the poles baviug been shifted through 
one-half of the field,or abalf-revolution. ‘The 
ond halfrovolulion is accowplished in a 
similar way, the same polarity being main- 
tuned in the shifting poles by Шо movement. 
of the generator. coils alternately tbtougü 
fields of opposito polarity. 

‘Tho same principle of operation may be ap- 
plied to motors of various forms, and I have 
shown one of such modified forms in Figs. 3 
and 4of the drawings. Та these figures, М.М” 
are field-magnets secured to or forming part 
of а frame, 17, mounted ou а base, Р. "Tüese 
magnets should bo lawinated-or composed of 
а number of olectrically-fusulated magnetic 
sections, to prevent the circulation of Induced 
rents and to render Шеш capable of rapid 


ю 
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poles there is mouuted, іш bearibgs in the cross- 
pieces С”, a cylindrical iron core, D, which, 
in order to prevent tbe formation of eddying 
currents, and tbe loss consequent Шегсоп, is 
subdivided in the usual жау. · Insulated con- 
ductors or coils are applied to the cylinder D 
longitudinally, aud for these I may employ 
copper plates Y. E, wii are secured to the 
sides and ends of the cylindrical core in well- 
Kuown ways. These plates or conductors may 
form one or preferably several independent. 
circuits arouudthecore. Inthe drawings two 
of such circuits areshown, formed respectively 
by the conductors E апа Е/, which are insu- 
lated from each other. Ttisadvantageous also 
to slot these plates longitudinally, to prevent. 
tho formation of eddy currents nul waste of 8s 
energ 

From what bas now been given the opera 
tion of this apparatus will be readily under- 
stood. Tothe binding-posts ! (аге connected 
the proper circuits from the generator tocause 
a progressive shifting of the resultant mag: 
netic poles produced by the magnets M upon 
the armature. Thins enrrents nre induce 
the closed circuits on the core, which, energiz- 
ing the core strongly, maintain a powerful at 
traction between the sameand the feld, which 
a rotation of the armature In the direc: 
n which the resultant poles аге shifted. 
‘The particular advantage of the construc- 
tion illustrated iu Figs. 3 and 4 is that а соп. 
eentrated and powerful field, is obtalue” пой 
а remarkably powerful tendency to rotation 
iu the armature secured. ‘Tho same results 
may be obtained in the form illustrated In 
igs. 1 and 2, however, by forming polar pro- 
ections оп the ficld and armature cores, 

Wheu these motors aro not loaded, bat run- 
ning free, the rotation of the armatare is uearly 
synchronous with the rotation of tho poles of 
the field, and under these cireinmstauces very 
little current із perceptible in the coils Е Е; 

if a load is added the speed tends to di- 
h and tho currents in coils E E! are ang 
mented, so that the rolary effort is increased 
proportiovately. 

Obviously the priuciple of this i jon із 
capable of вашу modified applicatious, most of 
which follow as а matter of course from the 
constructions described. For instauce, the 
atmature-coils,or those in which the current 
are set up by induction, шау be held stationar 
пой tho alternating currouts from the ganera- 
tor conducted through tho rotating inducing 
or field coils by means of suitable sliding con- 
tacts. It is also apparcut that the induced. 
coils moy bo movable and the г 
of tho motor stationary; but I bavo illostra 
these modidcations fully in the application t 
which reference has herein been made, 

In the case of motors wound with independ: 
ent field and armature circuits and operated 
by shifting ther poles, as described in my said 
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prior application, I шау by short circuitiog 

the armature-coils apply the preseat invention 

in order to obtain greater power on startiog. 
Ап advantage and characteristic feature of 
5 motors constricted aud operated in accordance 
with this invention is their capability of al- 
most instantaueous reversal by a reversal of 
one of the energizing currents from the gen- 
erator, This will be understood from a соп 
< sideration of the working conditions, Assum 

ing the armature to be rotating in a certain di- 

rection following the movement of the shifting 

poles, then reverse the direction of the abift- 
jug, which шау be done by reversing the con- 
15 nections of ouc of the two energizing elrcaits. 

IC it be borne in mind that їй а dynamo-elec- 
trie maebiue the energy developed is very 
nearly proportiouate to Ше cube of the speed, 
it is evident that at such moment an extra- 
ordigary power is brought to play in reversing 
tho motor, | dition to this the resistance 
of the motor is v 
moment of revers 
amount of current 
25 ingcircui 

‘The phenomenon alluded to--viz., the varia. 
tion of the resistance of the motor apparently 
like that in ordinary motors—I attributo tothe 
variation їо the amount of aelf-iuductioa іп 
the primary or energizing circuits. 

"These motors present numerous advantages, 
chief among which ane their simplicity, relia 
bility, economy in construction aud majoto- 
ance, and their easy and dangerless manage- 
35 ment.’ As no commutators are required ош 


20 


50 thata much greater 
isses Lbrowgb the спели: 


30 


greatly reduced at the | 


cither thegeneratorsor the molors, thesystem 
is capable ofa very perfectaction and 
but little loss. 

Ido not claim herein the wodo or 
producing currents in closed conductors in n до 
magnetic Geld which is herein disclosed except 
i its applicatiou to tiis particolar purpose; 

ut 

What I claim is 

11. Tbo combination, with a motor contain 45 
dog independent indudiag_ or energizing clr 
сойз aud closed induced circuits, of an alter: 
vating-current generator having Гайне ог 
generating circuits corresponding to aud cou- 
pected with the energizing-eircuils of the mo 
tor, ав set forth, 

2. An electro-magnetic motor having ws 
field-magnets wound with independent. coils 
and itsarmature with independent closed coils, 
in combination with a sonree of alteruatiug 
‘currents connected to the ficld coil aud capi- 
ble of progressively shifting the poles of the 
field-maguet, as set forti 

3. A motor constructed with an aunnlar 
feld-magoet wound with Tndependent coils 
and a cylindrical or disk armatire wound with 
closed coils, in combination with а source of 


so 


5 


magnet coiis aud acting to progressively shift 
eld, 


or rotate the poles of the field, as herein set 
forth. 
NIKOLA TESLA, 
Witnesses: 


Fras B. Мн, 
FRANK E. Павто 
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To ай whom it may concern: 
He it kuown that 1, Nikora TISTA, а anb- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria- Hungar 
5 now residing at New York, in tho county and 
State of New York, have invented cerini new 
ahd useful Improvements in Dynaino-Blectric 
Machines, of which the followiug is a specifi- 
nce being had to the drawings 
хо accompanying and forming а part of the same. 
Jncertain patentagranted to Charles F. Peck 
and myself—notably in Patents No. 381,008 
und No, 382,280, Мау 1, 1553—1 have shawn 
and describeil a plan of constructing and oper- 
is ating motors, transformers, and the like, by al- 
renis conveyed through two or 
more independent circuits from a generator 
having euch relation to the motors or trans- 
formers аз to produce therein a progressive 
40 movement of the magnetic poles or lines of 
force. In the said applications the descrip: 
Lions and illustrations of the generators were 
l to those types of alternating current 
ine in which the current generating coils. 
»wlepelent or separate; bnt 1 have fount 
that the ordinary forms of continuous current 
dyuamos now in ase may be ‘and cheaply 
adapted to my xystem, or utilized both as con- 
tingons and alternating current generators 
зо with but slight changes in their construction. 
‘Phe mode of effecting this forms the substance. 

of my present application, 
Generally stated, the plan pursued by me 
{nvention in as follows: О; 


given generator, сіШег їп place 
dition to the regular commutator, 
irs of insulated collecting 

А Lherenrecireuitsto be formed, Now, 
it will be understood that in the operation of 

4o nny dynamo electric generator the currents iu 
the coils in their movement throngb tho field 

of force undergo different phases—that is to 
say, at different positions of the colls tho eur- 
rents have certain directions and certain 

45 strengtls—and thatin my improved motors or 
transformers it із necessary that the currents 

in the euergiziog-coils should. undergo а cer- 
tain order of variations io strength and direc- 
tion. Hence, the further step—viz, thé con- 


зо nection between the induced or generating 
coilsof the machineand the contact-rings from 


which the currents are to bo taken off—will 
be determined solely һу what order of varin- 
tions of strength and direction in the currents 
is desired for producing a given result in the 
clectrieal translating devien, ‘This may beac- 
complished пя ways; but in the draw. 
ings I have given typical instances only of th 
hestand most practicable waysof applying the 
invention to three of the best-known types of 4c 
machines, in order to illustrato tho principle 
and to enable any one skilled in the art to ap- 
ply the invention in any other enso or unde 
any modified conditions which tho circum. 
stances of particular eases may require. 

Figure 1 is а diagram illustrative of the 
mode of applying the invention to tho well 
Known type of elosed ог continnous circuit 
machines. Big. 2 is a similar diagram con- 
taining an armature with separate coils con: 
nected diametrically, or what is generally 
called an “open-circuit” machine. Kig. 3 is 
а diagram showing the ‘application of the in- 
vention to a machine the srmature-cuils ol 
which have a common joint, 

Referring to Fig. 1, let A represent one of my 

rove motors or transformers, which, f 
convenience, Г shall designate a 
which consists of an annular Sore, Ij, wound 
with fonr independent, coils, C aud. D, those 
diametrically opposito being connected to. 
gether во as to co operate iri pairs in estab. 
lishing free poles iu the ring, the tendency of 
each pair being to fix the poles at ninety de: 
grees from Шо отог, ‘There may bo an arma: 
ture, E, within the ring, which is wound with 
coils clased upon th ‘Phe object in 
to pass throng 
relative strength 
а progressive shifting ar 
pointsof maximain magnetic effect around the 
ing, aod to thereby maintain a rotary move- 
ment of the armature. 1 therefore secure to 
the shaft F of tho generator four insulated 
contact-rings, а 5 c d, upon which Г cause to 
bear the collecting-brushes a' 07 e t, connected 
by wires G 0 H II, respectively, with tho 
termivals of coils C and D. 

Assume, for sake of illustration, that шо 
сойз D D аге to rcceive.the maximum und 
coils C Cat the same instant the minimum 
current. so tbat the pola line my be midway 
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between the coils D D, the rings ab would 
therefore be counceted to the continuous ar- 
minture-coil at Из neutral points with respect 
to the field or the poiut corresponding with 
5 that of the ordinary commutator brushes, aud. 
between which exists the greatest dilfereuce 
of potential, while rings с would be con- 
ted to two points iu the coil, between which 
exists no difference of potential. The best re 
sults will be obtained by making these con. 
nections at points equidistant from one an- 
other, as sbown. These conne 


to the seg 
the converters are made in thia іші i 
evident that the phases of the enrrenta in the 
sections of the generator coil will be repro 
luced in the converter coils. For example, 
alter turning through au areof uinety degrees 
the vouductors L L, which before conveyed 
the maximum current, will receive the min 
mum current by reason of the change in the 
sition of their coils, and it із evident t 
fur the ваше reason the current in said coils 
Iwas gradaally fallen from the maximum to the 
minimum іп passing through the are of ninety 
degrees, In Шізөресіші plau of conneetlous 
the rotation Of the magnetic poles of the con: 
verter will bo synchronous with that of tho 
at ure coils of the generator; aud the result 
ill. be the ваше, whether the energizing cir- 
vits are derivations from a conti 
ture coil or from independent coi 
35 previous devices, 
1 have shown in Fig. 1, in dotted lines, Њо 
brushes M M іо their proper normal position. 

In practice these brushes may be removed 

from tho commutator and the field of the g 
о rator excited by ап exteroal source of cur. 

seul; or the brushes may be allowed to remain 

"i tlie commutator and to take off a converted 
irrent to ехейе the field, or to be used for 
other purposes. 

Та a certain well.koown class of іш 
the armature сошайшз а number of сәй 
terminals of which conuect to comuutator- 
negments, the coils being connected across t 
armature in pairs, ¿This type of machine is 
represented in Fig. 2. In this machine each 
pair of coils goes through the same phases as 
the coila in come of the geuerators I have 
shown, and it is obviously only necessary to 

tilize them 1o pairs or sets to operate one of 
ту converters by extending the segments of 
tho commutators belonging to each pair of 
coils and causing а collecting brush to bear on 
the continuous portion of each segment, In 
this way two or more circuits may be taken 
бо off from the generator, each including ono or 
moro pairs or sets of coils, as may be desired. 

In Pig. 2 II represent the arniatore-coi 

TT the poles of the field-magnet, and F the 

вһай carrying the commutstors, which аге ex 
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tended to fori continuous portions a b cad 
Tbe brushes bearing on the continuous рог. 
tions for taking off tbe alteruating currents 
are represented by a Ис 4. ‘The collecting. 
broshes, or those which may be used to take 
off the direct curront, aredesigoated by M M. 
Two pairs of tbe armature. coils and tii 
commutators are shown in tbe figuro as bei 
utilized; but all шау be atilized in a similar 
manner. 

"erc is auother well koown type of ma 
chine in which three o more coils, A’ А С, 
on the armature bave a common јони, Us 
free ends sca to the segments of a 
fori of generator is ili 
Та this case cach termina 
Of the generator is connected directly or in 
derivation to а conti, „ай сии} col. 
leeting broshesg Ус) bearing tüercon,take off 
the alternating curreuts that operate the mo- 
tor. It is preferable in this ease to employ а 
motor or transformer with three energizing 
coils, A" B” C^, placed symmetrically with 
those of the geuerator, and the circuits from 
the latter аге connected to Шо terminals of 
such coils either directly—as when they are 

'j—or by means of brushes e and сон. 
gie. Tu this, as in Ше other cases, the 
ordinary commutator may be used on the gen. 
erator, and the current taken from it ntilized 
for exciting the generator field magnets or for 
other purposes. 

‘These examples serve to illustrate the prin 
ciplo of the invention, It will*be observed 
that fu any сазе it is necessary only to add tho. 
continuons contact or collecting rings aod to 
establish the connections between them and 
the appropriate coils. 

15 will bo understood that this invention ta 
plicable to otber types of uitchine—as, for 
ample, those by which the ішіне соз aro 
stationary aud the brushes amd magnet ro- 
volve; bit the manner of its application ін 
obvious to опе skilled in the art. ғ 

Having now described my invention, what I 
clnim а 
# 1, The combination, with a converter hav. 
ing independent energizing-coils, of a continu 
ous or direct current dynamo or magarto ma 
Chine, and intermediate circuits permnnently 
connected at suitable points to tho induced or 
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Im 
generating coils of the generator. аз berein set 
forth. 

7.3. ‘The combination, wb n converter pro. 
vided with independent energizing-cirenits, of 

а continous or direct current goueralor pro: (20 


vided with contiouons collecting - rings соп 
nected in derivation to the armature-coils to 
form the terminals of circuits corresponding 
to those of the converter, ав heroin set forti. 
NIKOLA TESLA 

Witnesses 
Rost. F. GAYLORD, 
Frank D. Murray. 
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UNITED STATES 


NIKOLA TESLA, OF NEW YORK, N. Y. 


PaTENT OFFICE. 
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REGULATOR FOR ALTERNATE-CURRENT MOTORS. 


SPECIFICATION (шаша part of Letters Patent No. 390 820, dated October 9, 1088. 
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To all whom it ma 

Ше it knows that 1; Nikora Түз, a sub 
ject of the Ewperor of Austria, from Sailjan, 
Lika, Lordereowutry of Austria Muagary,uow 
residing in New York, iu the county aud State 
of New York, have invented certain new aud 
useful Improvements in Regulutors for Alter- 
nativg-Current Motors, of which the following 
is а speciücation, reference being had to the 
Grawings accompanviu: aud forming part of 
the заш. 

My iuvention is an improvens 
for the electric transmission of p 
созым» jn a means of regulating thespeed an 
power of the motor he system for 
Use with which the partien- 
Tarly designed is uve in.which tbo motors, or 
what way be in certain сакен their equiva- 
Jeuts—the electrical iranstormers—havetwoor 
more independent enerziziug circuits, which, 
rceelviug current from correspondiugsouree 

(440 set up a progressive шөуешеші orshilt 
т uf the magnetic poles of the motors; but 
Ше invention is also applicable to other pur- 
poses, аз will hereinafter appear. 1 employ 
the regulator for the purpose of 
speed of these motors. 

‘Lhe regulator proper consists of a form of 
converter or trausformer with one eleawut ca- 
pable uf movement with respect to the otber, 
whereby the inductiverclatious шау bealtered, 
cither manually ог autouiatically for the pur: 
pose of varyiug the зисири of the induced 
current, 1 prefer to construct this device in 
Such wauner that the induced or secondary 
elemeut шау be movable with respect to the 
other; uod the improvement, бо far as relates 
inerely to Ше eoustruction of the device itself, 
consists, essentially, in the combination, with 
two opposite magnetic pules, of au armature 
Wound with an insulated coil aud mouuted on 
а sbalt, whereby it may be turued to Ше de 
sived extent within the Geld produced by the 
poles.” The normal position о! the eere of tha 
secondary element is thal in which it most 
completely closesthe magnetic circuit between 
tho poles of the primary element, aud in this 
position its coil із iu its mast effective position 
for the inductive action upou it of the primary 
coils; but by turaing the movablo core to 
either side the induced earrents delivered by 


concern. 


its coil become weaker until, by a movement 
of the said core and coil through uiuety де 
grees, there will be uo current delivered, 

‘Phe coustruction of this device, broadly, 1 s 
do not claim as of wy invention; bnt this, to: 
gether with the manuer of app!) ing aud using 
the same, which forms Ше subject of my lu: 
vention, 1 will now explain by refereuce to 
the accompauyjug drawing © 
mre 1 із а view in side elevation of the 
2 їч а broken section on lige 
3 is a diagram illustrating 
the pr d munner of applying the 
lator to ordinary formis of motors, uud F 
isa sin з the aj 
tion vf the device to my improved aiteri 
enrrent motors. 

"lie reguiator may le const em. 
жау» to secure the desired. resul 
best form of which 1 аш uow 
in Figs. 1 aud 2. 

A represents а rame of iron, awl 1 would. 
here state that the plan which Is шот invari 
ably followed of dividing up all iron cores 
which are subjected to Ше influence of alter- 
nating enrrenis should be adopted in the eon 
of this device 
the cores of Ui 
шағу «oils C C, said cores 
ог boltel to the (пе A in 
way. 

Dis a suut mounted 10 the side bars, D, 
and on which is secured а sectional irou core, 
F,woune with an induced oy secondary coil, 
F the convolations of which are'parallel with 
Ше axis of the вћаћ. The ешіз of the core 
are rounded off, so ав to ЦЕ closely іш the spaco 
between the two polos and. permit the core Б 
to be turned. A handle, б, secured to the 
projectiog end of the shaft D, is provided for 
this puepose. 

‘Any шеаиз may be employed for maintain- 
ing the соге and secondary coil іш any given 
position to which it'is Lurned by tbe handle. ` 

‘Phe operation or effect of tlie devico will be, 
auuderstood by reference to ie diagrams illus 
trating the manner of its applicatiou. 

Та Fig. 3, lct Н represcut ain ordinary alter- 
natiog-curreut generator, the Geld-magnels of (oe 


in many 
эш in tlie 
it is shown 
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induciug or pri- 
g integral with 
аду well-knowe 
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whicb are excited by a suitable source of cur 
rent, L ‘Let J dosiguate ап ordinary form of ' 
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eleetro - magueti¢ motor provided with au | tion a corresponding impulse In the opposite 


armature, K, commutator 1, and Geld-mag- 
nels М. It is well known that auch a motor, 
if its field-maguets’ cores be divided up into 
insulated sectious, may be practically oper- 


5 sted by ting enrrent; but іш using 
тәу dh a moter I Include oue 
clement of the metur only--52y the armaturo- 


көйли the main cirewt of the generator, 
making the connections through the brushes. 
:ouunutator 1» the nsnal . lao 
n опе of Шм: elements of the regulntor— 
say the stationary coils—in the same eireuit, 
and ip Ше cirenit with the secondary or шоу. 
able сой of the regulator Г eouucel up tb 
iicld-eoils of the motor. I prefer to use flexi- 
Ме conductors to make Ше connections from 
the secondary coil of the regulator, us I there- 
by avoid the ase of sliding contacts or rings 
without interfering with tke requisite move 
ment of the соге 

If the regulator be іш из normal розицов,ог 
that in which its maguetie cireait із most 
vearly closed, it delivers its maximum induced 
current, the ‘phases of which so correspond 
with those of the primary currenz that the 
motor will rou as though bath field aod arma 
tore were excited by the main current. 

То vary the күш of the motor to any rate 
between the minimum und maximum rates. 
the core E and соіа F are turned in either di- 
rection to ац" extent which pradaces Шо dè- 
sired result, for in‘its vormal position the con- 
volutious of coil P embrace tho mancnm 
aumber of tines of force, all of which uct with 
the same effect npon said сой; hence it will 
deliver its maximmn enrrent; bot by tuzning 
the eoi № out of its position of maximum er 
fect the number of tines of force crabraced һу 
itisdiminished, The indactive efect із tiere 
tore impaired, and the current delivered by 
coil F will continue to diminish іш proportion 

gle at which the coil F is turned ш 
fter passi ш 
degrees, the coi ious of the сой will be at 
right iuigles to those of eotls С C, and the 1u- 
sluctive effect reduced to а miniinum. 

Incidentaily to certain constructions, other 
causes may influence the variation m the. 
strength of the indneed currents. For exin. 
que, in the queen ease и will be obs 
that by the. t movement of сөй Бе 
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portion of Its convolutiors are vat ried bey: 
е of the direct. intlucuce of the lines of] 
that the maguetic pati or eivenit 


Tor sad tines is impaired; bence the 
eflet would be reduced. Мезі, te: 


moving through a cet wineh ts a! 
viously deteruiiued by t ve dime 
Go of the bobhin or coil. F, diagonally oppi 


portions of the сөй will be ximultancously i 

eluded in the бекі, but in such positions 
its which produce a current 
ї {һе со 


on angle ef nintty | 


direction; bence portions of Ше carrent will 
neutralize one another. 

As before stuted, the mechanical constrüc. 
tion of the devico may be greatly varied; but 
the essential conditions of the inveution will 
be fulfilled iv ang apparatus m which the 
movement of the elements witi respect to ono. 
another effects thesame results by varying the 
inductive relations of the two elements in a 
manner similar to that deseribed, 

1t шау also be stated that the cord E is wot 

lispensable (а tbe operation of tho regula-- 
tor; its presence 15 obviously beneficial, 
"This regulator, however, has another valünblo 
property in its capability of reversing Ше mo- 
tor, for if the coil F be turved through o balf- 

volutiou the positien of its convolnticna 

ively to the two coils C C aod tbe Паш 
of force is reversed, and consequently tho 
phases of the current will be reversed. Thio 
will produce a rotation of the motor in an op- 
posite direction, This form of regulator 12 
also applied with great advantage to my зу. 
tem of utilizing aitervating corrents, in which со 
the waguetic poles of the teld of a motor are 
progressively shinted by means of the com- 
biued effects upon the deld of magnetizing. 
evils iucloded in iudepeudentcircuits,throngh 
МВ pass alternating corrent ju proper с. 
der and relations to each other, 

In illustration, fet P represcut ono of 13) 
generators having two independent coils, 
aud P”, on the armature, and T a diagram of 
а motor having two jalepeudeut energizing: 
coils or sets of coils, R R. Ошо of the «іг. 
cuits from the generator, as S'S’, iacludes one 
set, АЛЛЕ, of the energizing-colls of the rotor, 
while the other circuit, из 8 8, includes tbe 
primary coils of the regulator.’ The occond- 
ary сой of the regulator includes the other 
coils, It В, of the motor. 

While the secondary coil of tue regulator io 
in its normal position it produces Ив maxi. 
mam current, and the waxinua rotary effect. 
эз imparted to the motor; but this effect will 
be diwinisbed іш proportion to the augle at 

Lich the coil F of tho regulator із turaed. 
‘The motor will also bo reversed by reversing 
the position of the coil with refereuce to the 
coils C C, and thereby reversing tho pliascs of 
tue curreut produced by tbe gcoerutor. Tis 
changes the duction of thy movement of the 
shiftivg poles which the armature follows. 

Опе of the wuu advantages ef this plan of 13 

ulation із its economy of power. When 
пе induced сой is generatur: its maximum 
current,the maximum amount of nergy iu tho 
primary coils is absorbed; but as the iuduced 
соп is turued from its normal position the 
sclf-iuduction of the primary evils reduces the 
expenditure of energy and Saves power. 

It is obvions Шаг tien cither coils С 
C or coil Ẹ may beu primary or second 
ary, and it is well understood that their rola» 13, 
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ve proportions may be таг to produce 
any desired difference or similarity iu the in- 
cing aud induced currents. 

Tam aware thut it is uot uew to vary the 
5 secondary current of ui induelion-coil by mov- 
ing one coil with respeet to the other, and 
thereby varying the inductive relatious vor- 

isting between the two. ‘This 140 


motor having ш 
mt energizing- cirenits, of an alternat- 
ing-current regulotor, consisting, essentially, 
of inducing aud induced coils movable with 
15 respect [0 one another, whereby the strength 

of the induced currents шау be varied, thein- 

duces coils being included iv and adapted to 


supply Ше current for опе of the motor-cir- 
cuits, us set forth. 

2. The combination, with а motor adapted зо 
to be run or operated by alternating currents 
und provided witb independent energizing- 
coils, of a regulator consisting of stationary 
iuduelug-coils aud an Induced coil capable of 
being rotated, whereby it may be turned to 
greater or less angle to the primary coils, or iti 
positiun with respect thereto reversed, the in- 
duced coil or coils |жіср iucluded iv and 
adapted to supply the current for ono.of the 
motor-eireuits, as set forth. 

NIKOLA TESLA. 

Witvesses: 


Колт. F, Gaxtox», 
Frank B. Мушрнт. 
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UNITED STATES’ 


NIKOLA TESLA, OF NEW YORK, N. Y., 


PATENT OFFICE. 


, ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, ỌF SAME PLACE. 


DYNAMO-ELECTRIC MACHINE. 


SPECIFICATION forming part of Letters Patent No. 390,721, dated October 9, 1000. 
Applietiog Glad April 4,128. Serial Ке. £72133, (Nomodel) 


To alt whom it may concerns 
Bo it known that T, NIKOLA Тел, a sub- 
ject of the Emperor of Austria, from Smiljan, 
‘Lika, border country of Austria-Hungary, tow 
5 reaiding at New York, iu the county and State 
of Now York, have invented certaln new and 
asofal Improvements in Electric Generators, of 
which the following isa specification, reference 
being Вай to the drawing accompanying and 
зо forming o part of the same. 
My presont iavention relates, chiefly, to tho 
alteroating-current system invented by mo 
und described in prior patente, notab]y Nos. 
381,908 and 382,280, of Мау 1, 1853, In which 
715 the motors or transformers, бг generally the 

converters, arc oporatod by a progressive shift. 
ing or movement of their magnetic poles pro- 
duced by tho co-operative action of independ. 
ont maguotizing-coils throngh which ale 
ternating currents io proper order and diroc- 
Чоп, In шу saidaystem, as I bavo heretofore 
shown, I onployed a generator of alternating 
cnrrenta [о which thero wore indepondent in- 
duced or generating coils corresponding to the 
enorgizing-coils of the converter, sud the ro- 
lations of the generator and couverters wero 
generally such that tho speod of rotation of 
the magnetic poles of the converter equaled 
Cunt of the armature of tho generator, 

To secure the greatest efficiency, it із neces- 
sary to run the machines at a high өрсед, aud 
this is trne not only of thooo geaerators and 
motors which are partioularly adapted for use 
in my eystetn, but of others. "The practica- 
bility of ruoniog at very high spoods, how- 
ever, particalarly in the caso of largo genera- 
lors, is limited by mechanical conditions, іш 
secking to avoid which I bave devised various 
plaus for operating the system uuder eñicient 
conditions, although ravning the generator at 
а comparatively low rate of speed. 

My present invention consista, of another 
way of accomplishing this result, which in 
certain respecte presents many advantages. 
According to the invention, in lieu of driving 
the armature of the generator at a high rate 
of speci, I produce n rotation of the magnetic 
poles of опе clement of the generator and drive 
the other at a different speed, by which aiai- 
Jar results are obtained to those кеепгей hy a 
rapid rotation of one of tho clemcuis. 
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1 shall describe this invention Ly referenco 
to the diagra:n drawing hereto annexed, 

‘The generator whic supplics the current 
for operating the motors or transformers cou- 
slots io this instance of a subdivided Мор or 
annular core wound with four diametrically- 
opposite FY, Withio the rity is mounted 
a cylindrical armature-core wound lobgitudi- 
nally with two independent coils, К 
ads of which lead, respectively, totwo pairsof 
insulated contact or collecting ringa, D D'Q G’, 
on the armaturo shaft. Collcting-brusbes d 
Z g g beac upon these rings, respectively, and 
convoy theenerenta throngh the two indepond- 
ent linocircuits M M’. Јо the malo lino there 
may be included ono or more motors or trans- 
formers, or both. If motors be axed, thoy аго 
constructed in accordance with my invention 
with fadepondent coils or sets of coils J J’, in- 
claded, respectively, in the circuits М M. 
"These energizing-coils arc wouud on a ring or 
nanular ficid or оо pole pieces thercon, aud 
produce by the action of the alteruating enr- 
Tents passing through them a progressive 
ubifting of the magaetism from pole to pole. 
"To cylindrical armature H of the motor із 
wound with two coils at right aogles, which 
form indepondent closed circuite. 

If transformers bo employed, I eonuect oue 
set of the primary colls, as N N, wound опа 
ring or annular core, to one circuit, as №, and 
the other primary coils, № N’. to the сігеші 
M. The secondary coils К К’ may then be 
Utilized (ог ruooing groups of incandescent 
Tops PP 

ith the generator I employ an exciter. 
This consista of two poles, A A, of steel рог. 
manently maguetized, or of irou excited by a 
battery or other gonerator of continuous cur- 
rentaanda cylindrical armature-core wounted 
оп а shat, I, and wonud with two longitüdi- 
nal сойх, б С. One end of each of these coils 
із connected to the collceting-ringabc, respect- 
ively, whilo tho other ends àre both connected 
toa Мор, а. Collecting brushes, b’ œ bear on 
tho rings 8 e, respectively, aud conductors Г, 
L convey the currents therefrom {һгопр tho 
coils E and Е of the generetor. 1/ is 
mon return-wire to brush a’. ‘Two independ 
ent circuits are Uws formed, one fnclodiag 
coils Qof the exciter and E E о! the generator, 
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the other coils С of the exciter aod Е E' of 
tbe generator. It resulta from this that tbe 
operation of the exciter produces progressi 
iaovement of the magnetic poles of the ano 
5 lar ficld-core of the geaerator, the shifting ог 
rotary movement of safd poles beiog syach- 
ronous with the rotation of the exciter arma. 
ture, Considering the operative conditions of 
n system thus established, it will bo found that 
to wben the exciter is driven во as to energize 
Шо field of the generator the armature of the 
latlerg if left free to turn, would rotate at a 
speed practically the same as that of the 
citer. If uuder such conditions Шо coils F 
15 F of the generator armature be closed проп 
thomselves or short-circuited, по corrents, at 
least, theoretically, will be generated io tho 
eaid armatare-colls. In practice I have ob- 
ved tbo presence of slight currents, th 
лов of which fs attribatable to more or less 
pronounced Boctoations!n the fotensity of the 
nungoctic poles of the generator ring. So, 
tho armatare-coils F F bo glosed through 
wotor, tho lutter will not be turned as Jong as 
tho movoment of the generator-armatare is 
synchronoas with that of tbe exclter or of tho 
muguetic poles of its Seld, И, on the соз. 
trary, the speed of the generator armature be 
in any way checked,so that the И Џој or ro- 
tation of the poles of the Gold becomés rola- 
tively more rapid, currents will be fodaced in 
the armature:colls, 
froin tho passlug of the lines of force across 
tho nrmature-coaductor The greater the 
эз speed of rotatiuo of the mogoctlo poles rela- 
(уау to that of the armature the more rap- 
{uly tho currents developed in the coils of the 
latter will follow one another, aad the more 
rapidly the motor will rovolvo in respouse 
thoreto, and this continaes uotil Ше armatare- 
generator із stopped cutirely, as by a brake, 
when the motor, if properly constructed, runs 
at fhe same speed with which tho maguetic 
poles of the generator rotate. 
‘Tho effective atroogth of the currents devel- 
oped ia the armature-coils of the generator is 
dependent upon the strength of the currents 
energizing Ше generator and upon the num- 
ber of tolatious per anit of timo of the йар. 
зо netic poles of, the generator; bence the speed 
of the motor arinatare will depend in all cases 
upon the relative speeds of tho armature of 
the generator and of its maguetic poles, For 
example, if the poles are turned two thousand 

55 times per unit of time and the armatare із 
turocd eight biindred, the motor will torn 
twelve hundred times, or nearly so. Very 
slight differences of speed may be indicated by 
а delicately-balanced motor. 

бо Lat it now be assomed that power isapplied 
tothe generator armature to tarn it in a di- 
rection opposito to that in which its magnetic 
poles rotate. In such case the result would 
bo similar to that produced by a generator the | 

6 armature and field-mwagoets of which are ro- 
tated in opposite directions, aod by reason of 
these conditions tho motor-armature will turn ! 
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This obviously follows | caso 
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ata rate of speed equal to tho sum of the 
speeds of the armature and maguetio poles of 

ө generator, 50 that a comparatively low 7o 
speed of the generator armature will produce 
a bigh a tbe motor, 

It will be observed іп connection with this 
system that on diminisbing the resistance о! 

е exteroal circuit of tbe generator-armature 75 
by checking the speod of the motor orby add- 
ing translating devices In moltiple аго [0 tho 
secondary circuitor cirenits of thetracsformer 
tho strength of the current In tho armatare- 
circalt is greatly Increased. Tblsis due to tio 
causes: first, to the great differences in the 

ds of the motor aod generator, and, вес. 
ondly, to the fact that tbe apparatus follows 
tbe aoalogy of a transformer, for, 10 propor- 
tion as tbe resistance of tbe armature or sec- 
ondary circuits is reduced, the strength of the 
currents із tbe Geld or primary ciroulta of tho. 
generator is increased and the carronts іп the 
Srmatore sugwented correspondingly. For 
similar reasons the currents іо tbo armature: до 
coils of the generator iocreaso very rapidly 
when tho speed of the armatare js redaoed 
when running io the eamo direction as tho 
magnetic poles or conversely. 

Tt will bo understood from tho above йв. 95 
scription tbat tho g” erator-armaturo may be 
ran io the direction of the shifting of the mag- 
notio poles, but шого rapidly, and that in восі 

о speed of the motor will bo equal to 
Шо difference botween the two rates. 

‘To many applications to electrical conversion 
and distribation tbis system great 
advantages both In economy, efficiency, and 
practicability, * 

‘What I claim i 

1, Tho combination, witb ао alterunting оог. 
reat generator baving Independent enorgizing 
or feld, and jodepeudeot induced or wrma 
turo coils, of an alternating current exc.tar 
baving geveratiog or induced toll corre 
sponding to and connected with the ondrgizing- 
coils of the generator, аз set forth. 

2. In ао altornating-current geuerator, the 
combination of the elcraents named aad oo- 
operatively associated іо the following man- 
nor: n Geld-maguet wound with independent 
сой each coonected with а source of alternat- 
ig cnrrents, whereby the magaetio poles pro- 
daéed by said coll will be progreslvely 
shifted o- moved through tho fld, and ва 
armatare-core wouad with independent coils, 
cach having terminals from which currents 
эге delivered to tho independent external eir- 
сай 

2. "Tho system of electrical distribution con- 
sisting of the combination, with an alternat- 
ing-curreat generator having indopondent 
energizing-colls aod ап armaturo wound with 
independent induced coils, of au,alteroating- 
current exciter haviug induced coils corre- 
sponding toand connected with the energizing- 
coils of tho generator, and one or more сво. 
cal converters having fodepeodent fodueing 
or energizing coils conuected with tbe corre- 
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sponding armaturo colis of the geaerator, aa | having loducod orgeneratiog coils correspoud. 
herein set fort ing to and connected with the energizing-coils 
4, Thecombinatiop, with ao alteroating-car- | of the genorator, as set forth. 
rent generator having a fleld-maguet wound NIKOLA TESLA. 
5 with independent energiziug - coils and an| Witnesses: 
armaturo adapted to bo rotated witbia the 


Rost. Р. GAYLORD, 
8010 produced by said macnet, of an exciter Parker W. PAGE. 
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vhom it may concern: 
Known that l, NIKOLA TESLA,asubject 


border country of А 
idim at New York, 
York, have Invented cert 
useful Improvements in Dynamo Electric Ma- 

„ of whieh the following is a 
nee being had to the draw- 
and forming а part of the 


pactasa structure, which requires fewer parts, 

"ind which involves less trouble and expense 

an its manufacture. 

Tho invention is applicable to р; 

тй motors generally, not ouly to thuse which 
1 have described in former patents, and whic! 
bave independent cireuits adapted for use in 
my patented alt ig Current system, but 

2g to other continuous or alterna 
chines, such as have heretofore been more кеі 
erally used. 

Inthe drawings hereto a 
trate my improvements, Figure 1 shows the 

jo machine in side elevation, Fig. 2 
sectional view of the field mag 

d an end view of the armature; and } 

іва plan view of one of the parts of the f 
and thearmature, a portion of the latter being 

35 gut away. 

T cast the field-niagnets and frame in two 
pacts, ‘These parts are identical in size and 
shape,and each consists of Ше solid plates ог 
ends А. И, from which project inwardly the 

до cores C D and the side bars or bridge-pieces, 
E Е. ‘tho precise shape of these parts 
largely mattor of choice—that is to say, each 
g ns shown, forms an approximately- 
rectangular frame; but it may obviously bo 
45 more ог less oval, round, or square without 
departure fromthe invention. lalso prefer to 
reduce the width of the side bars, E; F, at the 
centerand ово proportion the parts that when 
the frame is put together the spaces between 
зо thepole-picees will be practically equal to Ше 
ares which the surfaces of the poles occupy. 


СУ 


noxed, whieh illus. 
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‘The bearings G for the armature shaft аге 
cast in the side bars, BP, “The fiehl-coils are 
cither wouud on the pole: pieces or, preferably, 
мош on a form and then slipped on over ti 
‘ends of the pole-picees. "The lower part or 
casting issccured Loasnitable base after being 

ished ой. Tho armature K on its shaft is 
then monnted in the bearings of the lower 
d the other partof tho frame placed бо 
іш position, dowel-pius Т, or any other means 
being used to seeure the two pats іш prop 
position, 

In order to secure an easier fit Feast tlie ido 
bars, E F, and end pieces, А 15, во trat slots M. 65 
aro formed when the two paris aro pet to- 

ether. 

This machine possesses m 

‘or example, magnetizethe согехай 
ax indicated by Ure characters N S, and it will 
Descen that the magnetic circuit between the 
poles of each part of a casting is completed 
Urrongh the solid irou side bars. ‘The hears 
ings for the shaft are located at the nentral 
points of the field,so th; alure-core із 

oL affected hy tl ic condition of the 
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tothe use 
of four pole-pivers, ax iL is evident Ul 
pole picce could br divided or more th 
formed by the shape of the casting. 

What 1 chim i 

L Ad 
or motor 
castings, va 
pole pieces extending inwardly therefrom and 
connecting side bars, as set forth. 

Э. A frame for generators or motors built nj 
of two superposed castings,cach consisting v 
rectangular frame with pole-pivees extending 
inwardly from its ende, na set forth. | 

2, А frame and field: magnet for generators 
and motors built up of two rectangular cast- 

wing pole-picces extending iuwardiy 
heir ends, the faces of said. pole. pieces 
curved to afford clearance for the arma. 
tare and provided with energizing сой, as 
forth. > 
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To all whom it may concern: 

Be it kuown that T, NIKOLA TESLA, а elti- 
zen of tho United Stator, residing nt New 
York, in tho county and Siate of New York, 

$ have Invented certain new and nseful Im- 
provements in Elocttomagnetic Motors, wf 
which the following is A spocification, refer- 
опсо being had to the drawings accompany 
Ing and forming л part of the same. 

10` In former patenta granted to me—notably, 
Patonts Nos. 381,963 and 382,950, of May 1, 
1598—1 have shown and described n aysient 
for the clectrical transmission of power 
acterized by the following particular 

15 motor contains independent cnergizing-cir- 
cuita and tho generator has corresponding in- 
duced or enrrent-genorating circuits which 
are connected by indepondent line-cireulta 
with those of tbe motor, the sald ci 

20 ing independent.in the senso only that the 
distinctive rolations of thocurrents produced, 
transinitted and utilized in each nre preservod. 

to produco-their proper conjointeffect. TI 
disposition of the generator coila or circuits 

25 is such that the currents developed therein 
вый transwitted therefrom to the motor will 
have в certain difference of phase—for ex- 
ample, во that the maximum periods of the 
„enrronts generated in one of such elreuits co- 
зе incide with the minimum periods of the eur- 
rents produced in tho other circuit, nnd the 


corresponding energiziug-cironits of the mo- 
tor are so arvunged that the tro currents co- 
operato to effect a progresaive shitting of the 
35 magnetic poles oi the polnts of maximum 
the motor, in consequence 


magnetic effert 
of which a rotat 
maintained. Е 
_ My present invention pertains to this svs- 
мо tein of electrical transmission of power, its 
novel and distinguisbi ture, however, 
heing n special menns for eating or Mo 
ducing їп {һе (wo motor-circuits the alter- 
nating current necessary for the орога он of 
45 the motor; for whiloin the instances referred 
to I produce both currents directly by n mag- 
neto-electrie machihe in the present Instance 
Т generate ог produce in but one of the elr- 
етой the motor directly an alternating cur- 
so rent, and by means of such current iduce 
jn the other energizing-motorefreuit the other 


{necessary for Ив opera. 


‘When the two currents nre both produccl 
in the inagneto-clectric machine, it will be 
served that the two line or transmitting cir- 
cuits will of necessity extent tie entire dis- 
tanco from the generator to the mutor; but 
by the plan herein provided one Hine-cireuit 
only in requived, ns the cireuit from tho go 
erator and tho other are brought into induct. 
Ive relation to слей other in the motor itsolf. 
‘The following in illusimtive of a menns 1; 
which T accure this result in necordnnco with 
iny prexcot Invention: 1 employ ля п motor, 
for example, n яши dec: nunmlarfeldemng 
net withi Te mounted a suitable arma 
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ture, лк а cylinder or disk, wound with two 
coils nt right anglon, each of which furins a 
cloned cireult. бп opposite rides of tho 
nular field: t 1 wind two colla of inst 
Antes wire ndnpted to carry the cur- 
rent frum the generaiur Over these coils, or 
гө! the well-understood 
ways, I wind secondary culls, Talao wind on 75 


the xunular Ленине midway between 
the first-mentioned coil a pair of coils which 
1 connect up in eineuit with the secondary 
coils. 

The last jour of colls Габе of finer wiro 
than the main or Jine and secondary сыйа, and 
with a greater number of convolutions, that 
thoy may have n grentor relative magnetizing 
effect than either of thc others. 

By connecting up the 
witha generator of alt лика, the 
armature of the motor will be rotated, 1hnvo 
assumed that this action із explained by. 
following theory: A "pube on the 
Ило passing through the lestablinbes 
the magnetic poles of the тилт ficld-mag- 
net at points midway botween каза. cal; but 
this finpntse produces In the wceondary сода о, 
а current differing in phase from the frst, 
which, circulating through the second pair of 
energizing-colly, tends to establish the pole al 
pointa ninety degrees remover from thelr rst 
position, with tho result of producing s move- 
ment or shifting of the poles in obedience to 
ihe combined magnetidng effect of the two 
аа ой сов. Thisalifting, continued һу each 
successive current-finpulae, establishes what 
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may bo torpied a "rotary effort,” and operates 
formalntain the armaturo ia rotation 

In the drawings annoxed I have shown, in 
Figure 1, an alternating-current genorator 
connected with а motor shown diagrammati- 
cally and constructed in accordanco with m; 
invontiob, and in Fig. 2a бітам of а modi- 
fied form of motor. 

‘A designates any ordinary form of alter- 
nating-ourrent generator, айд B D the line- 
wires for ctnnecting the same with the motor. 

C is the annular fiold-magnet of the mdr. 
, D D are two main coils wound ов opposite 
aides of the ring or annular fieid and con- 
ected vp witli the ine and baving a tond- 
епсу to magnify tho ring C with opposite poles 
поуку botween the two co. өре 

E E ave two other magnetising-ollp wound 
midway betwodn the colls D D, but Raving 
stronger magnetizing influonce for a current 
of given strength than coils D D. 

E F nro tho secondary coils, which are as- 
tocinted with the main coils D D. ‘They are 
in circuits which include the coila E E, ro- 
Spectively, the eonnoctions being made in 
auch order tliat currents induced in coils F 
and circulating in'coils Е will act in opposi 
tion to thoee In coils E In во far only as the lo- 
cation of tho magnetic poles in the ring Сіз 
concerned} 

‘Tho armature may be of any of tho forms 
used by mo In my altornating-current system, 
and is shown a2 wound with two cloned coils 
G I at right angles to each other. 

Та ondor to prolong the magnetizing efect 
of thy Induced curronts fa producing a sliift- 
ing of tho roles, I havo eared the principlo 
of the conatraction exhibited in Fig. 1 fur- 
ther, thercby obtaining a stronger and better 
rotary effect. 

Referring to Fiz. 2 € is an annular Пеја. 
magnet having threo paira or oppoeltoly-lo- 
entod seta of polar prujectiona К 1,3, ' Upon 
опо pair of (евэ projections, ал К, the mi 
encrgizing-coila D nre wound, Overthoso ai 
wound tho accundary сойо E. On the next 
jections L L aro wounil the second 
giziw:coils F, which are in cireuit with 
coils E. Tertiary-Induced coils E' aro thon 
wound over tho coils F, and on tho remaining 

lar projections М the third energizing-colln 
F aro wound and connected up in the circuit 
of the tertiary coils F’. 

Theeylindrical or disk armature сого N in 
thin motor has polar projections wound with 
coils О, forming closed cirenits. „Му object 
in constructing tho motor in this жау is to 
effect more perfectly theshifting of the pointa 
Of maximum magnetieeffect. For meuming 
tho operation of tho motor to bo due to tho 
metion abuvo set forth, the frst eftect of a 
currentimpulse in this notor will be to mng- 
notize tho pole-pieces K K; but tho current 
thereby induced іп coils E magnctizcs the 

Мо-рісссз Tn and the eurrent induced in tum 
im coil E’ magnetizes the pole-piecexM. The 
pole-picees are not magnetized. at lesst to 
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tholr full extent, simultaneously by thla 
moans; but thoro is enough of a retardation 
or dolay to produce а гыїлгу effeet or infu- 
ence upon the armature. The application of 
this principle 18 not limited to the specin! 
foros ot motor herein shawn, as any of the 
doudle-cireuit alternating current motors in. 
vonted by me and described fn former Letters 
Patent 99 me may be udapled to the samo 
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purpose. 

"This invention, moregver, із not limited to 
tho apecifie means herein shown for inducing 
in ошо enorgizing-cireuit of the motor tho eur- 
rents necessary for co-operntiu with the pri- 
mary current of the generator for producing 
tho progressive shifting of the poles or pointa 
of maximinn magnetic effect. 

T beliove that 1 am the first to produeo any 
kind of в motor adapted to bo opernted by 
alternating ctrrentaand characterized by any 
arrangement of independent circuits brongnt. 
into inductivo relation во ая to produco a ro- 
tary effort or effect duo to the conjointaction 
of altornating currents from a оте of кіре 
pir in ono of the motoreireuita and Alton. 

ing currenta Indueed by the flmt-nnmod cur- 
renta In the other circuit, and this without 
reference to Шо specific charneter or arrange- 9$ 
ment of tho said two ciretits in tho motor, 

‘What I therefore claim ая my ivvention fa- 

1, In an eloctroimagnetie motor, tho combi- 
nation of Independentenergizing-circuita, ono 
adapted to bo counocted with n source of nl- 
tornating etirrent, the other arrangod in in- 
ductive relation to the «aid first сном where: 
by tho motor will be operated by (ће renult- 
ant aetloh of tho two cireuita, as et forth. 

2. ‘The combination ín an cloetromaguet 
motor, with an nltornating сой or conductor 
and a closed-circuit eqnditetor:in inductivo 
relation thereto, of nn armaturo mounted ва 
пв to bo within the field produced by tho сой 
‘and closed condactar, na net forth. 

3. Tho combination in an electromagnetic: 
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motor, with слог - сойн adapted to be 
connected with tho generator of induced coil 
and independent cnergizing-coila in eireuit 
thorowith and nrranged to produce a shifting 
nt of tho points of maximun. mag: 
tect of tho motor, па oct forth. 

n olectromngnetio 
pendont enonzizing- 
ог neta of coils nnd Induced coils wound 
on all the energizing-colls or setn of coil but 
the Inst of the naries, tho firxt onergizine-coil 
or sot of coils being included in circuit with 
a gonerator aud each suceceding snorgizin 
сой or act of colle being in cirenit with th 
duced coils of tho next preceding enendzing- 
oils of tho serica. 
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the mannor set forth to produce в morement | conjoint action of the two and an arinalure 10 


ое rotation of tho points of masimum mag | mounted within the influence of the field pro- 

чене effect of Шо motor, as set forth duced by the energizing-cireults and contain- 
6. In an electromagnetic motor the combi | Ing closed coils or circuits, as set forth 

natiouotindependentenergizing-cireuitsone 

for connection wi n о Source of altornating NIKOLA TESLA 

currents, thoo(her [п inductive relntion tothe Witnesses 


first, whereby а rotary movement or projec: Rost Е GAYLORD, 
tion of the flell-poles will he produced by the Franx Е HARTLEY 
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To alt whom it may concern. 

Bo it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austrin-Iungary, from 
Smiljan, Lika, border country of Aust 

5 Hungary, and a residont of New York, in tho 
county aud Stato of Now York, havo invontod 
согіаїо new and useful Improvements in Elec- 
tromagnetic Motors, of which tho following is 
^ specification, тоогепсо boing had to the 
drawings accompanying and forming a part 
of the samo. 

In provious patents of the United States 
notably in those numbored 381,963 and 
389,280, dated May 1, 1888, I havo shown and 
described a systom of transmitting power by 
moans of olectro-magnotic gonorators and mo- 
tors. "Ibo distinguishing feataro of thissys- 
tom was shown to bo tho progressivo move- 
mont or shifting of tho magnetic poles oi 
points of maximum attraction of л motor, du 
to tho action ог effectof altoranting currents 
разной through indopondent onorgizing cir- 
cuits іп tho motor. “Го socure this rosult the 
tito currants must havo diforont phases, tho 
best results boing obtainod whon tho two eur- 
ronts diffor by a quartor phase, ог in othor 
words when the poriodsof maximum potential 
ofono current coincido with tho minimum pe- 
пода of tho other, and conversoly. I havo 
also discoverod that a single altornatiog cur- 
rent may bo utilized to produco a progrossion 
or shifting of tho magnetic poles of a motor 
if the Geld maguots of tho samo bo of differ- 
ent magnetic suscoptibility in difforeut parts 
во that the maguotic phasos of tho samo will 
differ, ‘That isto say, if tho field magnets aro 
of such character that their diferent portions 
will bo differently maguotized—in rospect to 
timo—by tho samo current impulse, and so 
disposed that tho difference of magnetic 
phaso will maintain a rotary or progressive 
shifting of tho points of inaximum magnetic 
сосу. This may be accomplished in varions 
waye, as шау best bo oxplained by reference 
to tho accompanying drawings, in which— 

Figuro 1, is a diagrammatic view of a mo- 
tor constructed ia uecordauce with my invon- 
tion and a goucrator connoctod therovith. 
Fig. 2, is an end viow of a modified form of 
зо armaturo for said motor. 
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Let A designato an ordinary typo'of altor- 
nating current generator in Ше cironit of 
which is to be counocted a motor or motors, 
according to my present invontion, I con: 
struct such motor or motors in tho followin; 
manner: Опа sbaft a I mount an armaturoC, 
which for convenionco of illustration is pro- 
sumed to bo а soft iron plato or disk with two 
cut-away portions or a bar with rounded ends. 
Атраай hla armaturo 1 placo say four pol 
D D E E, of soft iron, and, as із овца! 
alternating current machines, built up of 
sulated plates or sections to prevent tho hoat- 
ing that would otherwiseoccur." Each of ово 
coros is surrounded by ап onorgizing coll F 65 
and all of tbeso coils аге connected to tho 
main circuit from tho gonorator A in sorios 
or in aoyothor mannor to recelvo simaltano- 
ously tho current impulses dolivorod by tho 
generator. If Шо cores are all of the samo 7c 
shape or mase, or composition, and tho coils 
аго all wound іп tho samo or alternatoly op- 
posito directions, no rotatioà would bo pro- 
duced by the passago through tho coils of а 
curront, whother alternating or direct, siaco 
tho attractive forces of tho polos upon tho 
soft irou armature would be dovolopod simul- 
taneously and would counterbslanco or пеш“ 
tralizo each other. Dat to securo rotation I 
mmako, for oxamplo, Шо cores D D short with 
thoir coils closo to thelr inuer onds and tho 
cores E E long, with their coils romoved from’ 
tho inner ends, Ву this means I securo а. 
difference in tho magnetic pbnsos which tho 
polos exhibit, for while tho short cores will 8 
respond to tho inagnotizing effect of an alter- 
nation or impulse of current in tho coils in a 
cortain time, a greater interval of timo will 
сарза before the samo magnos intonsily 
will bo developed at tho euds of tho longer 
cores, вой in practice I havo (оцой that this 
difforonee із phaso may be utilizod to pro- 
duco tho rotation of Шо armaturo. “Tho of- 
fect being virtually to produco a shifting of 
the points of maximam magnetic effect simi- 
lar to that which takes placo whou two altor- 
nating onergizing curronts, differing in phase 
aro used, аз oxplained in the patents above 
roforred to. Tho essontial difforenco beins 
that in my patented вув!ош the rotation isef too 
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fected by a timedifference of olectrical phase, 
while in the present case it is due to a differ- 
ence іш magnetic phases 

Тһе same or similar results aro obtainable 
by other means. For examplo, to secure the 
requisite difference of mazoetic phaso, 1 may 
mako two of tho cores as E E of greater mass 
than cores D D, whereby their period of sat- 
uration will be greater than of cores D D, ог 
1 шлу make the cores Е Е of bard iron or 
steel and the cores D D of soft iron, in which 
caso tho coros E E offering greater resistance 
to magnetic cbanges, will not exbibit their 
magnetism as soou after Ње passazoof acur- 
reat as the coros.D D. Orif thecores of ове 
зе of poles, ns D, D, bo removed, tho attract 
ive forco of tho coils or solenoids would Бө 
esorted instantly wbilo tho magnotic coros E 
Е would lag or bavo n dilTorent phase. 

Tbe special form of the motor is largely а 
matter of choice, пог 13 the invoutioo limitod 
to tho numberof poles nor to the special form 
of armature shown Рог example, | may 
ошр!оў Auch ao arümtore as that shown in 
Fig. 9, wbich w a cylioder or disk C wound 
with coils G closed upon tbemselvos. This 
adds materially to the efficioncy of tho motor 
for tho reason tbat cnrrents are induced in 
the closed coils and magnetize the iroa cyl- 
iodor in а manner similar to that described 
to my Patent No 383,279 of May 1, 1888. 

Without hating myself, therefore. 10 tho 
particolars bereinbefore врос!бод, what I 
сіпіш as wy iovoption is— 

1. In an Alteroating current motor tho com: 
bicatioo with energiziog coils adapted to bo 
coonected with an oxternal сігсо! of cores of 
diforent magnetic susceptibility so as to oz- 
bibit differoucesof шадовие phase undor tho 


influence of an energizing current, as heroin 4o 
set forth. 

2. The combination in ап alternating cur- 
ront motor with a rotary armaturo of mag: 
Batic poles, aod сода adapted to bo connected 
with the exteroal circuit surrounding tho 
samo, tbe said cores being constructed of dil- 
foront nizo or materia! wheroby their mag- 
netic pbaso will differ in timo as set forth 

3. Tho combination in an electro magnetic 
motor with а rotary arimatore of magactic 
cores of different length or mass nnd onor- 
gizing coils surrounding thosameand adapted 
1o bo connected with а single aoareoof altor- 
natiog currents, as set forth. 

4. Tho combination іп an eloctro magnotic 
motor with а rotary armature of short mag- 
notic coros as D Р and loog magnetic cores 
as E E, and onorgizing coils surrounding tho 
samo, those on tho cores E E being placod at 
a distanco from tbe loner ends of the said 
‘cores, as boroio sot forth 

5. The combination in an electro-inagnotic 
notor with energizing coils adapted to bo con- 
nected with a sourcoof alternating curronts, 
вай coresof dillerent magnetic susceptibility, 
of an armaturo wound with coils closed upon 
themeolres, as herein set forth 

6. The combination In ао elcetro wagnotic 
motor witb a rotary armature of field cores 
of differoat magadtic suscoptibility and ес» 
ergizibg coils thereon connected іо series and 
adaptod to be connected witb a source of Bl- 
tornating carronts, as sot forth. 
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Го all whom it may concern: 
Bo it known that I, NIKOLA TESLA, from 
Smiljan, Lik, border eountry of Austria: 
Hungary, а subject of the Emperor of Aus- 
5 trim residing at New York, in tho county and 
Stato of Now York,.have invented certain 
now and useful Improvements in Electro- 
Magnetic Motors, of which the following is a 
specification, reference being had tothe draw- 
1o ings accompanying and forming a part of tho 
sare, 

Tn order to define more clearly the relations 
which the motor forming the subject of my 
present application bears to, others of the 

15 class to which it pertains, I will recapitulate 
briefly the forms of alternating-current mo- 
tors invented by me and described moro in 
dota in my prior patents and applications, 
Of these there are (жо principal types or 
forms: first, those containing two or moreen- 
orgizing-circuits through which are caused to 
pass alternating currents differing from опо 
another in phase to an extent sufficient to 
prodtice a continuous progression or shifting 
of tho poles or points of greatest magnetic ef- 
feet, in obedience to which the movable ele- 
ment of the motor is maintained in rotation; 
second, thoso containing poles or parts of dif- 
foront magnetic susceptibility, which under 
the energizing influenco of the same current or 
two currents cvincidiug ia phaso will exhibit. 
differences, in their magnetic periods or 
һазез. In tho firstelassof motors the torque 
is due to the magnetism established in dif- 
forent porziocs of tho motor by currents from. 
the same or from independent sources, and 
exhibiting timo differences іп phaso. In the 
second class tho torque results from tho en- 
crgizing effects of a current upon parts of 
tho motor which differ in magnetic suscepti- 
bility—in other words, parts which respond to 
tho same relative degree to the action of n. 
current, not simultancously, but after dif- 
ferent intervals of time. In my.presont iu- 
vention, however, the torque, instead of being 
solely the resuit of а time difference in the 
magnetic periods or phases of tho poles or at- 
tractive parts to whatevor cause due, is pro- 
duced by an nogalar displacement of the 
50 parts which, though movable with respect to 
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ово another, are magnetized simultaucously, 
ог approximately во, by the same currents, 
"This principle of operation I have ombodied 
practically in a motor in which I obtain tho 
necessary angular displacement betweon the 55 
points of greatest magnetic attraction in the 
two elements of the motor--the armaturo and 
field—by the direction of the lamination of the 
magnetic cores of said elements, and the best 
moans of accomplishing this result of which 6o 
Tam at present, awaro I havo shown in the 
necompanying drawings. 

‘Figaro 1 is a side viow of the motor with п 
portion ofits armaturocoro exposed. Fig. 2 

5 an end or edge view of the same. Fig. 818 6$ 
а contral cross-section of tho same, the arma- 
turo being shown mainly in elevation, 

Let A A desiguate two plates built up of 
thin sections or lamina of soft iron insulated 
more ог less from one another and held to- 
gether by bolts а or any other suitablo moane 
And sceured to a baso В. "l'ho inner faces of 
theso plates contain recesses or grooves іп 
which а со or coils D are secured obliquely to 
tho direction of the laminations, Within 
the coils D is а disk E, preferably composed 
of a spirally-wound iron wire or ribbon or n 
series of concentric rings and mounted on a 
shaft F, having bearings in tho plates A A. 
Such a device when acted upon by an alter- 
nating current is capableof rotation and con- 
stitutes a motor, the operation of which I ox- 
plain in the following manner: A current or 
current-impulso traversing tho coils D tends 
to magnetizo tho cores A A and E, all of 
which are within the influence of the mng- 
вене field of the coil The poles thus es- 
tablished would naturally lio in the same lino 
at right angles to the coils D, but in tho plates 
‘A they are deflected by reason of the direo- 
tion o£ the laminations anduppear at or neat 
tho extremities of said plates. In the disk, 
however, whero these conditions are not pres- 
ent, tho poles or points of greatest attraction 
аге оп a line at right angles to the plano of 
the coi hénce there will be a torque estab- 
ished by this angular displacement of tho 
poles or magnetic lines, which starts the disk 
in rotation, the magnetic lines of thearmature 
and field tending toward a position of paral- 1eo 
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ilisin — This rotation is continued and maim- 
tunes! by the reversals of the current in coils 
D D, which change alteroately the polarity 
of the field-cores А A. This rotary tendency 
ог effect will be greatly increased by winding 
tho disk with conductors б, closed upon them- 
selves and having a radial direction, whereby 
the magnetic intensity of the poles of the 
disk will be greatly iucreased by the energiz 
ing effect of the currents induced in the cnils 
© by thealternating currents im coils D. ‘The 
plan of winding and the principle of opera- 
tion have been fully explained ia my patent, 
No, 982,279, of May 1, 1888 

‘Tho cores of the 
not be of different magnetic susceptibility— 
that is to епу, they may both be of the ваше 
kind of їгоп,ко аз 10 be magoetized at Ap- 
proximately the same instant by tho coils D; 
ог опе may ђе of soft iron and tho other of 
hard,in order that a certain time may elapse 
between the periods of their magnetization 
1а either case rotation will be produced; but 
unless the disk is provided with the closed 
cnergizing-coils it ix desirable that the above- 
described. difference of magnetic suscepti- 
Vility be utilized to assist in its rotation. 

‘The cores of the field and armature may bo 
made in various ways, as will be well under: 
stood, it being only requisite that tho lamin 
Conk чи each Le ii suen direction аз to secure 
the necessary nugular displacement of the 
pointaof greatest attraction. Moreover, since 
the disk may be considered as mado upof an 
infinito number of radial arms, it is obvious 
that what is true of a disk holds, undor well- 
Understood conditions, for many other forms 
of anontore, and my invention in this respect 
15 in по sense limited to the specific feri of 
arinaturo shown 

It will be understood that the specific ways 
of carrying out this invention are almost with- 
out number, And that, therefore, I do not limit. 
myself to the precise form of motor which 1 
have herein shown 

I beliovo that 1 ат the first to produce ra- 
tntion of ап armature, at least such as could 
be utilized for nuy general or practicable pur- 
poses, by meansof an alternating current pass- 
ing through a single coil or several coils act- 
ing as one, nnd which havo а direct magnet- 
ving effect npon the cores of both armature 
amb field, and this Т claim in its broadest sense 

T further believe that E am the fret to iin 


isk and field may ог may | 


part directly, by means of но aitertamig cur 
rent, magnetism to the cores of the two cie 
ments of a motor, aud by the direction of the 
Taraxnation of one or both of the same to pro 
duce во angular displacement of the poles or 
lines of magnetic forco of the соге», respect 
ively 

Whut I therefore cimu і-- 

1. An clectro-magnotic motor censisting of 
a field-magnet, a rotary armature, and ^ sin 
glo сой adapted to be connected to ^ source 
of alternating currents and to impart magaet- 
iem to both the armature and the field-magnet 
with augular displacement of the maximum 
points, as set forth. 

2. In an electro-magnetic motor, tbe combi. 
nation, with.a coil adapted to be connected 
with a source of alternating currents, of a 
fieldiagnot and rotary armatnre the cores 
of which are in such relntion" to the coil as 
to be energized thereby and subdivided or 
lannnated in such manner па to produco an 
angular displacement of their poles or the 
maguetie lince therein, as set forth 

3 In an electro-magnetic motor, the combi. 
nation, with a coil adapted to bo connected 
with а sourecof alternating currents, of field. 
magnets with laminations lying obliquely to 
the plane of said coil and a circular or disk 
armature mounted to rotate between the field. 
magneis, both field and armature Әсіпр under 
the maguetizing influence of the coil, as set 
forth. 

4. In an electromagnetic motor, the combi- 
nation, with a сой adapted to be connected 
with a'sourcoof alternating currents, of field- 
magnets with laminations lying obliquely to 
the plane of the coil and à circular or disk 
armature with spira) or conceutric Јова. 
tions wounted between the field-magneta, both 
field and armature being under the magnet- 
izing influence of the coll, us set forth 

5. In an electro-magbotie motor, (ће combi- 
nation, with a сой adapted to be connected w 
а source of alternating curroute, of a fold- 
magnet and a rotary armature with closed 

в thereon, both the field and the armature 
being under the magnetizing influence of said 
coil and Inminated to produce an angular dis- 
placement of the poles of the two cores. 
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To all whom ё may concern 

Be it known tiat 1, NIKOLA TESLA, а sub- 

jeet of the Emperor of Austria, (то 
Lika, border country of Апвігіа- апд 
residing at New York, in the county ài 
of New York, have invented certain new and 
seful Improvements in Method sof Operating 
uuetic Motors, of which the follow- 
tion, reference being had to 
ing and forming a 


tain forms of alternat: 


in eienit with an 
ng йз а motor in syn- 
theres while the alternating 
will run the motor after it hi 

t of the 


synchronous wi 
Hence, in all 


i 
tofore where these "synchro- 
"ау they are termed, have b 
have been adopted to bring 
synchronism with the gen- 
rator, or approximately хо, before the alter- 
iting eurrent'of the generator is applied to 
drive them. In some instances. mechanical 
ppliances have heen utilized for this pur 
qose. Inathersspecial and complicated for 
vf motur have been coustrncted. T have d 
тозе a much more simple method or plan 
of operating synehronizing-motors, whieh re- 
res practically apparatus than 
А words, 


vest generator, of rann 
vhronis 


нег 
the 


jor Teouvert it at will from а double-cir- 
сий motor, or such as T have described in 
prior patents and applications, and which will 
Start under the netion of an alternating eur- 

synehronizing-motor, or one which 
by the generator only when it has 
à certain speed of rotation synchro- 
nous with that vf the generator. Ти this 
manner T am enabled ty very greatly extend 
the applications of my system and to secure 
I the advantages of both forms of alternat- 


reached 


n "synchronons with that of 
is uses һе its onlinary 

Mor is said to 
synchronize nerator when it pre- 
serves a certain relative speed determined by 
its number of poles and the number of alter- 


attained 
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nations produced per revolution uf the zener 
ator, Itsactualspeed, therefore, may be faster 
or slower than that of the менени! hut it is 
Said to be synehrononsso long i И preserves 


ith the generatur. 
which I prefer for this is that in which 
ure is provided with polar projec- 

ficld-magmets are wound with two 
sets of coils, the terminals of which are сөне 
nected to a'switeh mechanism, by means of 
which the line-eurrent may be саней directly 
throngh the said coils or indirectly ћ 
paths by whieh its phases are moditied. "To 
start stich a motor, the switeh is. turned onto 
ot of contacts which includes in one motor- 
1 resistanee, in the other an in- 
and, the two eirenits being 
itis obvious that the difference 
in phase of the current ін such circuits will 


меи rotation of the motor, When the 
speed uf the motor liis. thus been brought 10 
the desired rate, the xwiteh is shifted to throw 


the main е 
теми, and аң 


ie phase the 
Ive, liccomin 
"Го securo greater 


прич 
t the 


above sot forth, and Figs. 2 an 
Lions of the same. 

Referring to Fig. 1, let Ailesiguate the field» 
magnets of a motor, the polar projections об 
which are wound with coils 2 C included in 
independent circuits, and D the armature 
with polar projections wound with coils E 
| closed upon themselves, the molor in these 

respects being similar in construction to those 

described in my patent, No. 282,279, dated 
| May 1, 1888, but having, by reason of the 
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ijectiuns on the armature-core or 
ilar and well п features, the 
properties of а synehron 
represent the conductors of a | 
5 an allerngting-current generator G. 
“Noar the motor is placed a switch the ac- 

ion of which is that of the one shown i 
wings Which is constructed их follow: 
Fane two eondueting plates or arn, pivoted 
10 ші their ends and connected by an insulating 
И. so их to he shifted in. parallel- 
he path vf the bars D F” is the con- 
н forms one terminal of the cir 

1 the eontaet $, w! 


coils В C will be includod in the circuit L L^ 
in multiple are or derivation, In the path of 
the levers ге two other contaet-termi- 
nals, 1 and 3. The contact 1 is connected to 
25 contact 2 through an artificial resistance, 1, 
and contact 3 with contact 4 through a self- 
induction сой, J, so that when the switeh-le- 
vers are shifted onto tho points 1 and 3 the 
circuits of coils № und C will be connected in 
зо multiple me or derivation to tbe circuit L L’, 
and will include the resistance and self-in- 
Auction coil, respectively, A third position 
of theswiteh is that fn which the levers Fand 

F’ nre shifted out of contact with both sets of 
3$ points. In this case thq motor is entirely out 

of cireuit. 

‘The purpose and manner of operating. 
‘motor by these devices are ах follows: 1 
normal position of the switel, the и 
ing out of circuit, iy off tho ‘contact-points. 
Assuming. tho. generator to be running, and 
that it is desired to start the motor, the switch 
ix shifted until its levers rest проп points 1 
ant 3. . The £wo motor-cireuits are this con- 
nected with the generator-eireuit; but by roa- 
son of the presence of the rosistanee I in оле 
and the self-induetion coil J in the other the 
coincidence of tho phases of the current is 
disturbed sufficiently to produce a progression 
of the poles, which starts the motor in rota- 
tion, When the speed of the motor has ran 
‘up to synchronism with the generator, or ap- 
proximately’ so, the switch is shifted over onto 
the points 2 and 4, thus cutting out the coils. 
55 Tand J, во that Ше currents in both circuits 

have the sune phase; but tlie motor now runs. 

из а synchronous motor, whieh fs well known 

^ to be А very desirable and eficient meank of 
converting and transmitting power. 

бо ~ Itwill bo understood that when brought up 

to вреса the mutor will run with only one of 

the circuits B or C connected with the main 

ог generator cireuit, or the two circuits u 

Le vonneptel: in series. "This latter plan 

65 preferably when a current having a hi 

mimber of alternationsper un 

. ployed to drive the motor. In 
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ifieult and the 
resistances mist take upa 
proportion of the elctro-o! уе 
forc of thecirenits. Generally Tso adjust the 
conditions that the electro-motive force used. 
in each of the motor-cireuits is that which ік 
required to operate the motor when its cir- 
cuits are in series ‘The plan which I fallow 
in this ease is illustrated in Fig. 2. In this 
diagram the motor has twelve poles and tho 
armature has polar projections D wound with 
closed cuils E. "he switch used i» of sub- 


stantially the same construction ах that 
shown inthe previous figure, "Thereare, how- 
over, five contacts, which Т have designated 


by the figures 5,6, 7, 9. The motor-vire 
cuits В С, which ineludealtornate field-coils, 
аго connected to Шо terminals in the follow: 
ing order: One end of circuit С is connected 
to contact 9 and t contact 5 through a dead 
resistance, I. One terminal of-cireuit B 
connected to-contact 7 and to со 5 
mgh a sclf-induetion сой, 1. "he орун 
terminals of both eireuits are connected. 
x 
of fhelevers,us P, of the switeh is made 
Дог otherwise, so as tn 
cover both contacts 5 and vi when shifted into 
the position to start the motor. twill he obe 
served that when in this position and w 
lever Е’ on contact 8 the current divides 
tween the two circuits В C, which from their 
difference in electrical chazaetar produce а 
progression of the poles that statt the mot 
п rotation. When the motor has attainen 
the proper spoed, the switch із shifted so that 
the levers cover the contacts 7 and 9, thereby 
conuesting circuits land C in series. 1 have 
fouud ‘that by this disposition the motor is 
maintained in rotation in synchronism with 
tho generator. This principlo of operation, 
which consists in converting by a change ot 
connections or otherwise a doutile-cire 
tor or опо operating by a progressive shifting 
oF the poles into an ordinary synchronizing- 
moter may be carried out in many other 
ways. Forinstance, instead of using theswiteh 
shown in the previous figures, I may use 
mporary ground circuit betwoon the gen- 
erator and motor, in order to start, the motor, 
insubstantially tho manner indicated in Fig.3. 
Let G in this figure represent an ordinary 
Îternating:curront generator with, say, two 
poles, М M^ and an armature wound with 
two coils, N N’, at right angles and connected. 
iwseries. "Tho motor has, for exampl, four 
poles wound with coils 1 С, which are con- 
nected in series and an armature with polar 


| projections D wound. with closed coils E E. 


"rura the common $oinLor union between the 


ning in synch- 
s Imit not of starte 
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ang, it may be started by the above-leseribud 
apparatus by closing the ground connection 
from both generator and motor. The syste 

thus becomes one with а two-circuit genera- 
tor and motor, the ground forming a common 
return for the currents in the two circuits L 
and 1’. When by this arrangement of cir- 
cuits the motor is brought to speed, the 
ground-conncetion is broken between the mo- 
tor or generator, or both, and ground, switches 
P P” Being employed for this purpose. "Ihe 
motor then runs as һ synchronizing-motor. 

In describing thoso features which consti- 
tute my invention I havo omitted illustrations 
of the appliance used in conjunction with 
the electrical devices of similar syytems— 
such, for instance, as driving-belts, Вход and 
loose pulley for tho motor, and the like; but 
these are matters well understood. 

In describing my Invention by roferenee to 
specitic constructions I do not wish to be un- 
derstood ns limiting myself to the construc 
tions shown; and in explanation of my 
tent in this respect 1 would say that I may in 
suek forms of apparatus ns I have shown in 
Figs, 1 and 2 include the dead resistance and 
xeff-induction сой in either cirei 
enly a (еңі «resistance ог а self-induction 
coil, nx in the various ways shown in my ap- 

Мамбоп, Хо, 292,052, filed December 8, 1885. 


may ako uso any form of switch, whether 
manital or automatic, that will by its manipu- 
lation or operation effect the required change 


ot connections, and in order to secure 
necessary differonce of phase in the two пи 
Torscizeuite on starting Т may employ any of 
the known means for this purpose. 

1 beliovo thnt I am tho first to 
tromagnetic motors by alternati 
ip any of the ways herein suggest 
мегой а is to my, by producing'a pro- 
gressivo movement or rotation of their poles 
ог points of greatest magnetic attraction by 
the alternating currents until they have 
roached а given speed, and then by the same 
currents producing п вйлрїе alternation of 
their poles, or, in other words, by a change in 
the order or character of the ‘cireuit-conuec- 
tions to convert n motor operating on ond 
principle to оне operating on another, for the 
purpose describod. 


rate сісе- 


1 do not сіңіп erem of itself the mothiod 
of or.apparatus for operating a motor whic 
forms a ран of this invention and which in- 
хојубе Ше principle of varying or modify 
tho currents passing through the energizing- 
circuits, so as to produce between auch cur- 
renis a differenco of phase, ns these matters 
are described and claimed by me in other ap: 
plications, but with tho object of securing, 

roadly, the method as a whole which I havo 
herein set forth. 

What I claim is— 

1. The mpthod of operating an nlteruuting- 

current motor herein described by first pro- 
Ereslvely shifting or rotating its poles or 
points of greatest attraction and then, whon 
the motor has attained а given speed, alter- 
ing the said poles, as described. 
‘The method of operating an olectro-mng- 
notic motor herein describod, which consists 
in passing through independent energizing- 
circuits of tho motor alternating currents dif- 
fering in phase and then, when the motor Шах 
attained а given speed, alteranting current 
coinciding in phase, as described. 

3. The method of operating an electromag- 
вебе motor herein described, which consists 
in starting the motor by-passing alteptatiuz 
currents ifferiug in phase thrdugh ішіерсіні- Ко 
ent energizing«ireuits and thon, when the thr 
tor has attained a giveu speed, joining tho on- 
ergizing circuits in serios.aud passing an al- 

nating current through the same. 

4. Tho method of operating a купим» 
otor, which eonalate fn равне an alter: 
curront through Indepéndent energiz- 
прста of the molor and introduciag Into 
such circuits n resistance and self-induction 
coil, whereby a différeneo of phase between 
the currents in the circuits will bo obtained, 
and th ћогрсећ of thy motor Буве 
ronizes with that of tho genérater, with- 
drawing tho resistance and self -induction 
сой, ns set forth. 
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SPECIFICATION forming part of Letters Patent No. 400,008, dated July 10, 1880, 
drpüates ie March 23, 1889. Sariai 2201403. (Mo motel) 


To all whom it may concer 

Be it known that 1, NIKOLA TESLA, from 
Smiljan, Lika, border country of Austria- 
Hungary, n subject of theEmperor of Austria, 
and aresidentof New York, in tho gountyand 
State of Now York, have invented certain new 
and useful Improvements in Dynamoor Mag- 
neto Electric Machines, of which the following 
is a specification, reference being had to the 
accompanying drawings. 

This invention relates to that class of elec- 
wical generators known as “unipolar,” 


Which n disk or cylindrical conductor 
monnted between magnetic poles ndnpted to 
oruee a МА, In 


pproximately-uniform fel 
ni or disk armatura machinesthe 
nts induced in the rotating conductor 
m tho Genter to periphery, or con- 
ccording tothe direction of rotation 
ит the ‘lines of forco as determined by the 
sigusof tho magnetic poles, and theso currents 
are taken off usually by connections or brushes 
Aull о the disk at polntaon Ив periphory 
and-near its center. In the caso of the cy- 
lindrical armaturc-maebino tho carrents do- 
veloped in the cylinder aro taken off by 
hrashos applied to the sides of the cylinder at 
its ends. 

In order to develop economically an electro- 
motivo forco available for practicable pur- 
posos, it 48 necessary either to rotate tho со; 
ductor at a very high rate of speed or touso a 
disk of largo diameter or cylinder of great 
length; but in either case it becomes dificult 
to secureand maintain а good electrical con- 
nection between the collceting-brushes and 
the conductor, owing to tho high peripheral 
spoed. 

It has been proposed to couplo two or more 
disks together in series with the object of ob- 
taining ^ higher clectro-motivo" force; but 
with tho connections heretofore used and us- 
ing other conditions of speed and dimension 
of disk necessary toscenring good practicable 
results this di Mienity is still felt to be a seri- 
19 obstacle to tho use of this kind of gener- 

г. These objections I havo sought to avoid; 
and for this purpose I construct a machine. 
with two fields, each havinga rotary conductor 


mounted between ita poles but tho anne prin- 
ciple is involved in the case of both отон of. 
machine above described, and. па Г prefor to 
uso tho disk form I shall confino the deserip- 
tion heroin to that inachino, Tho disks aro 
formed with Manges, after tho miner of pul 
loys, and aro connected together by floxiblo 
conducting bands or belts. 

1 prefer to construct the machino in such 
manner that the direction of magnetism or 
order of the poles in ono field of forco oppo. 
site to that in the other, so thatrotationof tho 
disks in the samedirection develops current. 
in one from center tocireumforenco and in tho 
other from cireumforenco lo center. Contacts 
applied therefore to thoshafts upon which the 
disks aro mounted form tho terminals of a 
circuit the olectro-motivo forco in which is 
the sumof the electro-motive forces of the two 
disks. 

I would call attention to the obvious fact 
that if the direction of magnetism in both 
fields bo the samo the namo result as above 
ЖШ be obtainod by driving tho disks in op- 
posite directions and crossing tho connect- 
Ing-belta In this way the diiculty of so- 
curing and maint ing good contact with 
tho poriphories of the disku is avoided and a. 
cheap and durable machine made which is 
useful for many purposes—such ax Гог пп ex- 
citer for alternating-current generators, for A 
motor, and for avy othor purpose for which 
dynamo-machines aro и 

‘The specific construction of the machine 
which 1 have just generally described I have 
Hired in the accompanying drawings, іп 
which— 
ure 1 18A side view, partly in section, of 
лау improved machin 2 ix a vertical 
section of the same а right angles w the 
| shafts. 

Tn order to form a frame with twa fields of 
force, Least а support A with two pole-pioces 
BB’ integral with it. ‘To this join by bolta Е 
а casting D, with two similar and correspontl- 
ing pole-pieces C. С’ Tho pole-picces B li 
аге wound or connected to produce a field of 
forco of given polarity, and tho pole-picces 
C С! are wound or connected to produce a 


se 


55 


в 


% 


” 


25 


% 


yo 


95 


E 


8 


20 


as 


P-76 


field of opposite polarity, Thodriving-xhafts 
1 G pass through the poles and aro journaled 
in insulating-bearings in the casting A D, as 
shown. 

ИК aretliedisksor generatiug-conductons. 
"табу аге composed of copper, bras, or fron 
and are koyed or secured to their respective 
shafts ‘They are provided with broad pe- 
ripheral lunges J, Itisof course obvious that 
the disks may bo Insulated from their shafts, 
if so desired, A flexible metallic belt T, is 
pass over the flanges of the two disks, and, 
i desired, may bo used to drive опо of the 
disks, I prefer, howovor, to uso this belt 
merely ns a conductor, and for this purpose 
may uso sheet steel, copper, or other suitable 
metal. Each shaft is provided with a driving- 
pulley M, by which power is imparted from a 
counter-shatt, 

N N nro the terminal For sake of clear 
ness thoy are shown ая provided with springs 
P, that Dear upon tho ends of theshafts. "hix 
innebine, if self-oxciting, would hive copper. 
bands around its poles, or conductors of any 
kind such as tho wires shown in tho draw- 
ирг be used. 

T'do not. limit my invention to the speeial 
construction herein shown. For example, it 
is not necessary thatthe parts be constructed 
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in опе machino or that the materiali and pro- зо 
portions herein given be strictly followed. 
Furthermore, it is evident that the conduct. 
ing belt or band may be composed of several 
smaller bands and that the prineiple of con- 
noction herein deseribed may bo applied to 35 
more Шан two machines. 


4o 
iwluetors,ns h ( 
combination, with two rotary eon? 

кога! flanges and 
kis of а flexihlo eon- 45 
passing агоны the 
iges of both disks, as кең forth, 
3. Tho combination of independent sets of 
licld-magnets парой to maintain unipolar 
fields, canducting-disks mounted to rotate in go 


sald fields, independent driving mechanism: 
for each disk, amd a flexible conducting belt 
or band passing around the periphieriesof the 


disk, ax кей forth. 
NIKOLA TESLA. 
Witnesses: 
PARKER W, РАСЕ, 
опт, F. GAvLonD. 
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To all whom it may concern: 
Be It known that T, NIKOLA TESLA, а sub- 
et of the Emperor of Хазігіл, (гот Smiljan, 
Ки, border country of Austria-Hnngary, re- 
5 siding at New York, in the county and State 
of New York, bave invented certain new and 
useful Improvements іп Electro- Magnetic 
Motors, of which the following is a specitica- 
tion, reference being had to the drawings ac- 
panim and forming a part of the same. 

As is well known, certain forms of alteruat- 
irent machines have the property, when 
nected in circuit with au alternati 


in, 
со 
rent долегдіог, of running as а motor in syn- 


ehironism therewith; but while thealternating 
current will гап tho motor after it has at- 
tained a rate of speed synehronous with that 
of the generator it will notstartit. Hence in 
all instances heretofore when these "sy nehro- 
nizing motors,” as they are termed, have been 
run, some means have been adopted to bring 
tho motors up to «ynehronism with the gen- 
erator, or approximately so, before the alter- 
ing current of the generator is applied to 
9 them. 
Та an application filed February 19, 1889, 
Жена! Хо. 200,220, I haveshown and described 
an improved system of operating this class 
of motors, which consists, broadly, ln wind- 
ing or arranging the motor in suel manner 
that by means of suitable switehes it could 
he started as a multiple-cirewit motor, oF on 
operatinz by а progression of its magnetic 
poles, and tien, when пр 10 speed, or nearly 
50, converted into an onlinary synchronizin 
motor, ^r ono in which the magnetic pe 
мего simply alternated, In some cases, 
when a largo motor fs used ai 
number uf alternations is very | 
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igh, there is 
the motor 


tor, for the plan of constr 
the motor best adapted to 
тїтїп motor impairs its cll 
ог doublo-circnit motor under the assumed 
conditions on the start. This will be rea 
indersto»l, tor in a large synchronizing mo- 
tor theleugth of the imazneticcireuitor the po- 
lar projectionsand their massare se дт 
Apparently considerable time i$ requi 
magnetization aud demagtietization. 
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зе 


with a curront of a very high number of al- 
ternntions the motor may not respond po 
erly. To avoid this objection and to start up 
а synchronizing motor in which these conli» ss 
tions obtain ік the object of my present in- 
vention, I have therefore eoinb.ned two mo- 
tors, one a syuchronizing motor, the other a 
multiple circuit or torque motor, nd by the 
latter I bring the first named пр to крес, бо 
and then either throw the whole current into 
the synchronizing motor or operate. joi 
both of the motors. 

‘This invention involves several novel anit 
useful features. It will be observed, in the 65 
first place, that both motors are run without 
commutators of any kiad, and, secondly, that 
the speed of the torque motor may be ін 
than that of the synchronizing motor, as 
be the case зеп it ccutains a fewer numbor 7o 
of pules or sets of poles, so that the motor will 
bo more readilyand easily brought np to spoed. 
‘Thirdly, the synchronizing motor шау ђе con- 
structed sousto havea much more pronounced 
tendency to syuchronism without lessening 75 
tho facility with which it isstatted. — 7 

Та the drawings I have illustrated the in 
vention. 
го] is a part sectional view of the twe 

ап end view of the svuchroniz: So 
д motor: Fig. J, an end view and part sec- 
on of the torque or double-cirenit. motor; 
. 4, a diagram of the circuit, connections 
‘employed; and Figs 5, 6, 7, *, and 9 aro dia- 
grams of modified dispositions оС the two mo- 5 
tors, 

Tuasmuch as nei 


hor motor is doing any 
work while the current is acting upon the 
1 prefer w rigidly connect the two arma 
tures, T thorefore mount hth upon thesame де 
shaft A, the fiohl-magnets 12 of the synchro- 


nizingand Cof the torque motor heingsecured 
io tho same base D. ‘The preforably larger 
sy has polar projections on 


Tis armature, which rotate in very close prox- 95 


imity to the poles of the field, anl in other 
respects it conforms to the eouditions, now 
well understood, that are necessary to securo. 
synchronous action. I prefer, however, to 
wind the pole-picess of the armature with 100 
closed сойх viates the employ 
went af sl The smaller or 
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“torqué motor, on tho other hand, bas, preter- 
ably, a cylindrical armature F, without polar 
projections and wound with closed coils Gas 
1 have dese my previous patents, 
тілу No. Ji lated May 1, в 
d-coils of the torque motor aro connected 
up in two series JI and I, and the alternating 
currentfrom thogenerator is directed through 
divided between these two circuits in any 
nner to produce a progression of the poles 
points of “maximum леше effect. 1 
ure Ihis result in a convenient way by 
connecting the two motor-cirouits in derita- 
n with the circuit from tho generator, 
15 serting in ono motorcireuit а dead te: 
ансо and in ће other aself-induction coif, by 
Which means a difference іп phaso between 
the two divisions of the current is secured, 
It both motors ао the same nnrabor of field- 
poles, tho torqus motor for а given number 
of alternations will tend to гип at doublo tho 
‘speed of tho other, for, assuming the connec- 
tions to be such ns to give the best results, its 
poles aro divided into two series and the 
Number of poles is virtnally reduced one-half, 
which being acted upon by the same number 
of alternations tend to rotate tbe armature 
м. twice tho speed. By this means.the main 
armatiteo is more easily brought, to or ађоуо 
the required speed. When tho speed neces- 
sary for synchronism is imparted to the main 
inoter, tho current is shifted from tho torque 
motor into the other, 
А convenient arrangement for carrying out. 
35 this invention is shown in Fig. 4, In said 
figure J J nro the field-coils of the sychroniz- 
ing, and H I the ficld-coils of the torque, mo- 
tor, J, L'are the conductors of tho maia 
line. “One ond of, say, coils П is connected to 
40 wiro 1, through a sell-inductior сой М. Ono 
end of the other set of coils T is connected to 
tho samo wire through я dend resistaneo N- 
‘Tho opposite onds of these two eirenits aro 
connected to tho contact m of a switch the 
45 handio or lever of which isin conuection with 
the lino-wiro L'. Ono eud of the field-cireait 
of the synchronizing motor is connected to 
thewiroT,. ‘Tho other terminatesin theswitch- 
coutact н, From tho diagram it will be read- 
зо ily seen that if tho Љуве Р be turned onto 
contact m the torque motor will start by 
reason of tho difference of phase between tho 
currents in {ts two energizing-cirouits. Then 
when tbe desired speed is attained if tho lo- 
$5 vor P bo shifted onto contact the өшіге 
current will pass through tho fisld-coils of tho 
kynchronizing motor and {he other, will bo 
doing no work. 
‘Tho torque motor may bo constracted 
бо operated in various ways, many of which i 
Һауа described іп othor applications; but I do 
not deem it necessary in illustration of tho 
principle‘of construction and mode of opera- 
tion of my presentinvention to describe thess 
65 further herein. It is not necessary that ono 
motor bo ent outof circuit while tho other is 
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nd 


in, for both may be acted upon by the. 
rent at tho same timo and Ihave devised va 
rious dispositions or arraugements of tho two 
motors far accomplishing this. Somo of these 
arrangements aro illustrated in Figs. 5 to 9. 

Referring to Fig. 5, let T designate the 
torque or multiple-ireuit motor aud S tho 
synchronizing motor, L L’ being the line-wiros| 
"rom л source of alternating current, Tho 
two cirenits of the torque motor of different 
dogroes of selt-indaction, aud designated by 
N М, are counceted in derivation to the wiro 
1.2 They aro then joined and connected to 
the energizing-cireuit of tho synchronizing 80 
motor, the opposito teriniaal of which is cone, 
nected to wire E’. Tho two motors are thus 
in series. To start them I short-circuit tho 
synchronizing motor by a switch P", throwing 
the whole current through the torque motor. 85 
‘Thon when tho desired speed is reached tho- 
switch P” is oponed, so that tho curront passes 
through both motors. - In such an arrange- 
ment as this it is obviously desirablo for 
economical and other reasons that п proper 9o 
relation botweon the speeds of the two motors ` 
should bo observed. б 

In Fig. 6 another disposition is illustrated. 
Sis the synchronizing motor and T thotorquo 
motor, the circuits of both being in parallel. 
‘Wis a cireuit also in dorivation to tho moto 
circuits and containing a switch P^, S' isn 
switeh in thesyncbronizing-motoreireuit. Оп 
the start tho switch 8” is opened, cutting out 
tho motor S. "Thon P” is opousd, throwing 1o 
tho entiro current through tho motor T, giv- 
iðg ita very strong torque. When tho do- 
sired вред із reachod, switch 5' is closed and 
the current divides betwoon both motors. iy 
moans of switch P” both motors may be cut tog 
out. 

Та Fig. 7 tho arrangoment is substantially 
tho same, except that а switch T” is placed in 
tho circuit which includes tho two circuits of 
tho torque motor. 

Fig. В shows the two motors in series, with 
а shunt around both containing a switeh 87, 
‘There is also a shunt around the synehroniz- 

ig motor S, with а aviteh P^. 

Та Fig.9 the samo disposition is shown 
‘Dat cach motor is-provided with a shunt, in 
which aro switches P” and Т”, as shown. 

‘Tho manner of operating tho systems will 
bo understood froin the foregoing descrip- 
tions. 

Ido not claim liorein the torque motor nor 
апу part thereof, except in so far as they cu- 
ter intothe combination which forms tho sul- 
ject of this application, for I havo made tho 
distinguishing features of said motor tho sub. 
ject of other applications 

What I now claim is— 

. An alternatiug-current non-synchroniz- 
ing olectric motor coupled with  synehrouiz- 
ing alternating-eorrent motor, substantially 
as sot forth, whereby tho formor starts the 
latter, and throws it, into synchronism wit 
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^ its nctuating-curront, and switch mechanism 

for directing tho current through either or 
both of the motors, as set forth. 

9. Tho combination of two motors tho ar- 

5 matures of which aro mounted upon thosauo, 

shaft, ono of said motors being an alternating- 

current torquo motor, or опо in which tho 


notio points or poles are progreesivoly 
shifted by tho action of the euergizing-cur- 
ло rent, the other motor being iting- 


currentaynchronizingmotor,: [ч » 
anism for directing the current through either 
ог both of said motors, аз set forth. 
3. The combination, with an alternativg- 
15 current synchronizing motor having one en- 
 orgizing-{eld, ofan alternating-currenttorque 
motor having a plurality of energizing ir 
cuits and adapted to bo operated by currents 
differing in phase, and a switch for directing 
10 tho altornating current or curronts through 
tho sovernl circuits of one motor or tho singlo 
circuit of the other, as and for the purposo 
set forth. 
4, The combination, with au alternating. 
45 carfoat motor having ficld-cores wound wit 
coils adapted to bo connected to а source of 
alternating curronts and an armaturo wound 


with induced coils closed upon theuiselves, of 


a starting device for bringing said motor into 
synchronism with tho gonerator with which 3o 
it is connected. 

5. The combination, with an alternating: 
current motor composed of a multipolar al- 
tornatiog ficld-magnot,aud an armaturo hav- 
ing poles wound with coils closed upon them 35 
solves, of п starting device, as set forth. 

6. Inanalteranting-current motor, the com: 
bination of a feld-magaot having poles wound 
with сойз adapted when connected with n. 
source of alternating current to produco si- 4» 
multancously opposito magnetic polarities 
and an armature provided.with poles or pro- 
jections and wound with coils connected in 
в continuously-olosod unconnected cirenit, ax 
sot forth. 

7. Tho herola-doseribed mothod of operat: 
tngialternating-eurrent motors which consists 
in actuating a motor by an alternating cur- 
ront to bring a sccond alternating-curront 
motor up to synchronizing speed rolativo to so 
the actuating-curront and thon switching tho 
synchronizing motor into circuit. 

NIKOLA TESLA. 

‘Witnesses: 


Gronue N. MONRO, 
EDWARD T. EVANS. 
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GPECTFICATION forming part of Letters Patent No. 416,191, dated December 3. 1889 
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To all whom it may concern 
Re it known that Ї, NIKOLA TESLA, a sub- 
eof the Emperor of Austria, frou Sila 
aka, border country of Austria-Hungary, ге: 
s siding at New York, in the county and Siate 
of New York, have invented certain new кад 
useful Improvements in Electro - Magnetic 
Motors, of which the following is A specifica- 
поп. reference being bad to the drawings ле. | 
19 companying and forming a part of the same. | 
This invention pertains to that class of elec- | 
tromagnetic motors invented by me in whieh | 
two or more independent energizing-cireuits 
лге employed, and through whicha lterantiog 
чу currents differing io phase are passed to pro- 
duce the operation or rotation of the motor. 
One of the general ways which Г have fol- 
lowed іп carrying out this invention îs to pro- 
duce practically indepeudent currents dider- 
10 ing primarily in phase aod pass these tbrougb 
the motor-cireuits. Another way is to 
duce a single alternating current, to divide it 
between the motor-eircnits, and to effect art 
ficially a lag in one of the said circuits or 
зу branches, as by giving tothe circuite different 
self-inductive capacity, and in other ways. | 
In the former case, in which the necessary 
difference of phase is primarily effected in 
the generation of currents, I have, іп some in: 
'Ancos, passed the currents through the en- 
ergizing-coils of both elements of the motor— 
the field and armature; but I have made the 
discovery tbat a new and useful result is оғ 
may be obtained by doing tbis under thecon- 
зз ditions hereinafter specitied im the case of 
otors in which the Ing, as above stated, is | 
artificially secured 10 this my present in- | 
| 
| 


зо 


vention resides 
In illustration of the natare of this inven: 
«o tion 1 shall refer to the accompanying draw: 
ings, in which— 
Fignres 1106, inclusive, are diagrams of dif- 
ferent ways іп which the invention is or may 
be carried ont; and Fig 2, a side view of a 
45 form of motor which T have used for this 
purpose 
‘The diagrams in detail will be deseribed | 
separately 
А Bin Fig 1 dieate the two energizing- 
se егейік of a motor, and C D two cirevits on 
the arniature Circuit or coil A is connected 
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in series with circuit ог coi! С, nud the two 
circuits В D are smilarly connected Ве 
tween coils A and С is a contact ring e, form. 
ing one terminal of the Intter, and a brush а, 
forming one terminal of the form г А rin 
d and brush c similarly connect coils Паш 
D. The opposite terminals of the field-coils 
connect to one bindiag:post } of the motor, 
and those of the armature-coils are similarly 
connected to the opposite bindingpost r 
throngh а contact-ring f and brush g ` Thus 
each motor-circuit while in derivation to the 
other includes one ermature Abd oue field 
сой. These circuits are of different ве о. 
duction, and may be made» in vanous ways 
For the sake of clearness 1 have shown їп ono 
of these circuits an artiGcial resistance К 
And in tbe otber а self-indoction cou 5 
When an alternating current is passed 
through this motor it divides between its two 
energizing-cireuits. The higher self-induc 
tion of onecircuit produces а greater reta nda: 
tion or lag in the current therein than in the 
other Тһе difference of phase between the 
two currents effects the rotation or shifting of 
the points of maximum шадпене effect that 
secures the rotation of thearmature. To cer 
tain this plan of includiog both 
rmatiire aud field coils io circuit is a marked 
improvement. Such a motor bas a good 
torque at starting; yet it has also considerable 
tendency to synchronism, owing to tho fact 
that whea properly constructed the maximum 
magnetic effects in both armature and field 
coineide—a condition which io the usva? con- 
основ of these motors with closod arma 
ture-coils is not readily attained The motor 
thus constructed exhibits, too, a better regu- 
lation of current from по load to load, aud 
there ік less difference between the apparent 
and real energy expended in running it. The 
true synchronous speed uf this fora of motor 
is tbatof the generator when both are alike— 
that 16 to say, if the number of the coils on 
tbe armature and on the field is z, the motor 
will run normally at the same speed as a gen 
erator driving it if. the number of Веја нов. 
nets or poles of the same be also z. 
Fig. 2 shows а somewbat modified arrange- 
ment of circuits. Thereisin this case but ono 
armature-coil E, the winding of which main 
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tains effects corresponding to the resuttant 
poles produced by the two field-cireuits. 
Fig. 3 represents a disposition in which 
both armature and field are wound with two 
5 sets of coils, all in multiple are to the line or 
main cireuit. The armature-coils are wound 
to correspond with the field-coils with respect 
to their self-indnetion. A modification of 
this plan is shown in Fig. 4—that is to say, 
the two field-coils and two armature-coils. 
in derivation to themselves and in series with 
oneanother. ‘The armature-coils in this case, 
as in the previous figure, are wound for dif- 
ferent self-induction to correspond with the 
15 field-voils. 
‘Another modification is shown in Fig. 5. 
In this ease only one armature-coil, as D, is 
included in the line-ireuit, while the other, 
as C, is short-circuited. 

In such a disposition as that shown ia Fig. 
2, or where only one armature-coil is em- 
ployed, the torque on the start із somewhat 
reduced, while the tendency to synchronism 
issomewhatincreased. Insucha disposition, 
as shown in Fig. 5, the opposite conditions 
would exist. In both instances, however, 
there is the advantage of dispensing with one 
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. 5 the two field-coils and the arma- 
D are in multiple are. In Fig. 6 
this disposition is modified, сой D being 
shown in series with the two field-coils. 
Fig. 7 is an outline of the general form óf 
motor in which I have embodied this improve- 


E 


ment. The circuit-connections between the 35 
armature and feld eoils are made, as indi- 
cated in the previous figures, through brushes 
and rings, which are not shown. 

In the above description I have made use 
‘of the terms “armature” and “field;” but it 
will be understood that these are in this case 
convertible terms, for what is true of the 
field is equally so of thearmatare, except that 
опе is stationary, the other capable of rota- 
tion. 

Ido not claim in this application the method 
or means of operating adouble-cireuit motor 
by making its circuits of different self-indue- 
tion or in апу way retarding the phases of 
current in one circuit more than in another, 
having made these features subject of other 
applications; but — 

What I claim is— 

1. Inanaiternating-current motor, the com- 
bination, with ficld-cireuits of different self- 
inductive capacity, of corresponding arma- 
ture-cireults electrically connected therewith, 
as set forth, 

Inanaiternating-current motor, the com- 
ы , wi lependent. field-coils of dif- 
ferent self-induction, of independent arma- 
ture-coils, one or more in cireuit with tbe 
field-coilsand theothers short-circuited, as set 
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To all whom it may concern: 

Бо it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria: Hungary, and 
a resident of New York, in the сошчу and 
Stato of New York, have invented certain 
new und useful Improvements in Methods of 
Operating Electru-Magnetic Motors, of which 
the following is ж specification, reference be- 
ing had to the drawings accompanying «nd 
forming a part of the same. 

Та a patent granted to те April 19, 1889, 
No. 401,520, 1 have shown and described а 


t, the main 
f an alternating 
he field-coils only 
есі 


coils be short-cireuited, the motor will havea 
strong torque, bnt little or no tendency to 
synchronism with the generator; but if the 
same current which energizes tho field be 
passed also through the armature-coils the 
tondoney to-remai ronism is very 
considerably is due to the 
fact that the maximum magnetic effects pro- 
duced in the field aud armature more nearly 

i "This prineiplo discovered by me T 

4 in the operation of motors. In 
other words, I eoustrüet a motor having 
dependent field-ei of different self. 
«duction, which are joined in derivation to a 
source of alternating currents. The arma- 
turo I wind with one or more coils, which are 
connected with the field-coils through contact 
rings mnd brushes, and around the armature- 
coils I arrange a shunt with means for open- 
ing ог closing the same. In starting this mo- 
tor I close the shut around the armature- 
coils, which will therefore be in closed cir- 
cuit. When the current is directed through 
the motor, it divides betwoen the two circuits, 
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(itis not necessary to consider any case where 
there are more than twocireuits used) which, 
by reason of their different. self-induction, 
secure a difference of phase between the two 
currents in the two branches that produces 

g or rotation of the poles. By the 
ternations of current other currents are 
induced in the closed—or ghort-cirenited— 
arwaturecoils aud tho motor has a strong 
torque. When the desired speed is reached, 
the shuntaround the armature-coils is opened 
and the current directed through both arma- 
ture and field coils. Under these condi- 
tions the motor has a strong tendency to 
synchronism. 

In the drawings hereto annexed I have 
illustrated several modifications of tho plan 
above set forth for operating motors, The 
figures are diagrams, and will be explained 
in their order. 

Figure 1: A and В designate the field-coils 
of the motor. Аз the circuits including these 
coils are of different self-induction, Г have 
represented this by a resistance-coil it in cir- 
cnit with A, And a self-induction coil S in cir- 
cuit with Б, Tha same result may of courso 
be secured by the winding of the coils. C is 
the armatare-circuit, the terminals of which 
are rings ab.. Brushes c d bear оп (ево 
rings and connect with tho line and field 
circuits. D is the shunt or short circuit 
around the armature. E is the switch there- 
im. Тһе operation of these devices I have 
stated above. 

Tt will be observed that in such а disposi- 
tion ва is illustrated in Fig. 1, the field-cir- 
cuits A aod B being of different self-indue- 
tion, there will always be a greater lag of 
the current in one than the other, and 
that, generally, the armature phases will not 
correspond with either, but with the resnlt- 
ant of both. It is therefore important toob- 95 
serve the proper гие in winding tho arma- 
ture. For instance, if the motor have eight 
poles four in each cireuit—there will bo four 
resultant poles, and hence the armature-wind- 
ing should be such as to produce four poles, 
іп onder to constitute а true synchronizing 
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2: This diagram differs from the pre- 
vious one only in respect to the order of con- 
nections. In the present case the armature- 


105 
coil. instead of being in series with the feld- 
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coils, isin multiple arc therewith, Thear- 
inature-winding may be similar to that of tho 
field—tbat is to say, the armaturo may have 
two or more coils wound or. adapted for dif- 
5 ferent self -induction and adapted, prefera- 
biy, to produce the samo difference of phase 
as the fleld-coils. On starting the motor the. 
sunt is closed nround both coils. ‘This is 
shown in Fig. 3, in which the arinature-coils 
10 are Р G. ‘To indicato their different elec- 
trical charactor, I have shown in circuit with 
them, respectively, tho resistance R” and the 
self-induction сої S’. The two armature coils 
aro in sories with the field-coils and tho same 
15 disposition of thé shuict or short circuit D is 
used. Itisof advantagoin thgoperation of mo- 
torsoof this kind to construct or wind the arma- 
ture in such maaner that when short-circuited 
on the start it will havea tendency to reach n 
зо higher speed than that which synchronizes 
with the generator. Forexnmple, а given mo- 
tor having, say, eight poles should run, with 
the crmatüre-coil short-ciroufted, nt two thou- 
sund revolutions per minuto to bring it upto 
25 synchronism, It will generally happen, how- 
ever, that this speed is not reached, owing to 
the fact that tho armature and field currents 
do uot properly correspond, so thi 
current ls passed through the m (the 
36 motor not being Guite up to synehronisin) 
there is в Nabllity that it would not “hol 
on,” as it ia termod. І thoreforo prefer to so 
wind or construct tbo motor that on the start, 
when the armature-colls nre short-ciceuited, 
35 the motor will tend to reach a spoot higher 
than thesynchronous—as, forinstanre,double 
the latter. Та such case the difficulty above 
alluded to is not felt, for the motor will al- 
way bold up to synchronism if the synch. 
40 rouous әреей-дій the cuse supposed of two 
thousand rovolbtions—is reached or passed. 
‘This nay be üdcomplished in various ways; 
but for all practical purposes tho following 
will sufico: I wind on the armature two sets 
45 of coils. On the start I short-circuit опе only, 
thereby producing a number of poles on the 
armaturo, Which will tend to run thespeed up 
abovo the synchronous limit. When si 
limit is reached or passed, tho current із 
зо rected through tho other coil, which, by in- 
creasing the number of armaturo-poles, ten 
to maintain synchronism. Ja Fig. 4 such а 
disposition is shown, Tho motor having, 
say, cight poles contains two fiold-eircuita A 
56 andi B, of diferentself-Indaction. Tho arma 
ture has two coils F and С. The former is 
closed upon itself, the latter connected with 
the Bold and lino through contact-rings a b, 
brushes c d, and а switch E. On tho start 
бо the coll Е njone із activeand the motor tends 
to ran at a speed above theaynehronous; but 
hou the сой G is conneoted to tho circuit 
the number of armature-poles is increased, 
while the motor is mado a true synchronous 
55 motor. ‘This disposition has the ndvantago 
that the closed armaturo-cireait imparts to 
Ше motor torquo wheu the speed falls off, but 


‘at tho same timo tho conditions aro such that 
the motor comes out of syachronism moro 
readily. To increaso tho tendency to synch- 
ronisin, twocireuits may bo used on the arma- 
ture, one of which is short-circuited on tho 
start and both connected with tho external 
circuit after thesynchronousspecd is reached 
ог passed. This disposition is shown in Fig. 
5. Thero are three contactrings а b e.and 
three brushes c ( f, which connect tho arma- 
ture-cireuits with (ho external circuit, Оп 
startipg, tho switch H [s turned to complete 
tho connection between ono binding-pust ]* 
and tho field-coils. This short-cireuits ono 
of tho nrmature-coils, as б. ‘She other со) 
F В out of circuit and open. When the 
motor is up to speed, tho switch II is turned 
back, so that the conncetion from binding- 
post P to tho flold-coils is through the сой 
id switch K is closed, thoreby including 
coil F in multiple are with tho fiold-coils. 
Voth armature-coils aro thus active. 

From the above«described instances it ік 
evident that many other dispositions for car- 

ing aut tho invention aro ppssible. 

do not claim herein tho method and 
moans described aud shown for oporating в 
motor by producing artificially a difforenco 95 
of current phase їо its independont enor- 
gizing-circuits; nor do I claim, broadly, n 
motor having Independent energizing -clr- 
cuits of difforent solf-induction and arma-, 
ture-cirouity connected therewith, as Шево 
features nro made subjects of other applica- 
tions which I havo filed. И 

What I claim is— 

1. Tho method berein described of operat: 
ing ulternating-current motors having indo- tos 
pendent energizipz-ireuits, which consists 
іш shortcircuiting tho armature circuit or 
circuits until tho motor has reached or passed 
А syrchronizing speed and then connecting 
snid aricature-circuils with tho oxternal cir- 
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alternating: 
fis of dittorent 
self-induction, wbich consists in directing sl- 
tornating-currbnts (гош an external sourco 
through tho fleld-cireuits only until the mo- 
tor has reached а given speed and thon di- 
тесп said currents through both the feld 
circuits and ono or moro of the armaturo-cir- 
cuits, as set forth. 

3. Tho method of operating altornatiog- 
curroot motors having field-coils of di! 
self-iuduction, which consists in directing al- 
teruating currents from Ай external sourco 
through thefeld-cireuits and short-cireviting 
a partof thoarmature-circuits, aud then when 
tho motor has attained a given specd direct- 
їп the alternating currents through both tho 
ficld and onoor moreof the armatitre-cireuits, 
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То all whom it may concern 
Be it known that I, NIKOLA ‘TESLA, n sub- 
ject of the Emperorof Austria, from Smilja 
Lika, border country of Austeia-Iungary, re- 
5 siling at New York, in the county and Stato 
of New York, havo invented certain new and 
useful Linprovements in Electro - Magnetic 
Motors, of which the following is n вресїйел- 
tion, referenco being had to the accompany- 

10 ing drawings. 

‘This invention relates to alternating-eu 
rent motors of tho general description in- 
vented by me, and in which two or more en- 
erglzing-circuits nro employed, through which 

1$ alternating currents differing in phase a 
7 passed, with tbe result of producing a pro- 
gressivo shifting or rotation of the poles or 
points of maximun attractive eect. 
^U Is prior patents and applications 1 һауе 
зо shown and described various forms of motors. 
of this kind. Among them are motors in 
which both omergizing-circuits are clectrieaily 
aliko— that is to say, both have the same or 
approximately the same electrical resistance 
25 ani) self-induction—in the operation of which 
the alternating currents used are primarily 
of different phase. In others the difference 
of phase is artificially produced—as, for 
, stance, in enses whero tho mator-ei 
39 of different resistance and self-ini 
that the same current divided between them 
will bo rotarded іп one to n greater extent. 
thaw in tho other, aud the requisite phase dif- 
ferenco secured in this way. ‘To this latter 
35 class generally my present invention relates. 
X. Tho lag or rotation of tho phases of an al- 
terniting елитом. is dircetly proportional ta. 
the sclf-indnction and inversely proportional 
to the resistaneo of the cireuit through whieh 
49 the current flows. Hence, iu order to seeuro 
the proper diferenco of phase between the 
mits, it isdesirable to make the 


45 and resistance, respective! 
the same time the magnetic quantities of the 
two poles or sets of poles whieh the two cir- 
nits produce should he approximately equal. 
‘These requirements, which I have found to 

so exist in motors of this kind, have led me to 


ie invention of а motor haying tho follow- 
ig general characteristics: Tho coils whiel 
are included in that energizing-eireuit whic 
is to have tho higher self-induction I make of 
coarse wire, or a conduclor of relatively low $$ 
resistance, ‘ind 1 uso the greatest possible 
dength or nmmberof turns, In ће о ет веб of 
coils 1 use n comparatively fow turns of finer 
wire or a ‘of higher resistance. Further- 
order (0 approximate the magnetic бо 
jes of the poles excited by these coils, 
the self-invluction eircuit cores muclt 
longer thin those in the other or reststanco: 
vircuit, ] havo shown in the drawings a mo- 
tor embodying these features. % 
ro 1 is а part-sectional view of tho mo- 
tur at right angles to tho shaft. Fig. 2 is a 
‘of the field-cireuits. 

In Fig. 9, let A represent the coils in 
one motor-cirenit, and 5 those in the other, 7 
Tho cirenit A is to have the higher solf-in- 

tion. 1 therefore use a long length or a 
rgo number of turns of coarse wire in form- 
ing Шо coils of this circuit, For tho circuit. 

15, L'uso а smaller conductor, or a conductor 75 
of a higher resistance than copper, such па 
German silver or iron, and wind the coils with 
fewer turns. In applying theseenilsto n mo- 
tor I build up a field-inagnet of plates C, of 
iron or steel, secured together in the usual 8o 
manner by Volts D. Each plato is formed 
with four (moro or less) long cores E, around. 
which is a space to receive tho coil and an 
equal number of short projections Г to receivo 
tho еойв of tlie resistance-cireuit. ‘Thosplates 85 
aro generally annular іп shape, having an 
‘open space in the center for receiving tho 
armatureG, which I prefer to wind with élosed 
coils. An alternating current divided be- 
tween the two cirenils is rotanded ax 10 Ия уо 
phases in tho circuit A to a much greatet ex- 
tent than in the circuit В. Пу reason of tho 
relativo sizes and disposition of Ше coresand 
coils the magnctio effect of the poles E and 

F upon the armature сре approximate. 95 
Those conditions are well understood and 
readily secured by one skilled in the art. 

An important result secured by the con: 
struction herein shown of the motor is, that 
these coils which are deésigtied to have the 100 
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higher self-induction are almost completely 
surrounded by iron, by which the retardation 
is considerably increased. 
1 do not claim herein, broadly, the method 
5 and means of securing rotation by artificially 
produciüg a greater lag of the current in ond 
motor-circuit than ín the.other, пог tho uae 
of poles or cores of different magnetic sus- 
coptibility, as (ово are features which I bave 
vo specially claimed in other appllentions filed 
ју me. 
What I clan is— 
1; Ал alternating current, motor havin 
two or moro ehergizing-cireuts, the coils o! 
15 опо circuit being composed of conductors of 
largo size dr low resistance and thoso of the 
other of fower turns of wiro of smaller size or 
higher resistance, аз set forth. 
3. In analtornating-current motor, thecom- 
зо bination, with long and short field-cores, of 
‘onergizing-coils included in independent cir- 
nits, tho coils on the longer cores contaluing 


an excess of copper or conductor over that in 
the others, as set forth. 

3. Tho combination, with a fiold-magnet 
composed of magnetic plates having an opeu 
center and polo-pieces or cores of different 
length, of coils surrounding said cores and 
included in independent circuits, the coils on 
the longer cores coutaining an excess of сор- 
рег over that in tho othors, as set forth. 

4. The combination, with a ficld-magnet 
‘composed of magnetic plates having an opon 
conter and pole-pieces or cores of different 
length, of coils surrounding said cores and 
included in independent circuits, the coils on 
the longer cores containing an excess of cop- 
per over that in tho othérs and boing set in 
Tecessos in the iron core formed by tho plates, 


as sot forth. 
NIKOLA TESLA. 
Witnesses: 


Корт. F. GAYLORD, 
FRANK È. HARTLEY. 
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То all whom it may concern: 
Bo it known that Ї, NIKOLA TESLA, n sub- 

lect of tho Empororot Austria, from Smiljan, 
ik, border country of Austria-Hungary, 

5 residing at Now York, in thocounty and Stato 
of Now York, havo invented certain new and 
usoful Improvements in Electro- Magnetio 
Motors, of which tho following is п по 


n. 
хо — This invention relatos to tho alternating- 
current oloctro-magnetic motors invented by 
{а which a progressivo sbifting or ro- 
tatlon of tho poles or points of maximum 
magnetic offect is produced by tho action of 
the alternating currents. Theso motors 1 
havo constructed in n groat varioty of ways. 
As instances, I havo built motors with two or 
moro ebergizibg-cireuita, which I conndoted 
тр with corresponding circuits of a gonorator 
по so that tho motor will. bo onorgizod by altor- 
nating currents differing primarily in phase. 

I havo also built motors with independent 
enorgizing-clrouits of diforont electrical char- 
acter ог self-induction, through which I havo 

25 passed an alternating curront tho phases of 
‘which were artificially distorted by tho greater 
retarding effect of ono circuit over anothor. 
T havo also constructed othor forms of motor 
operating by magnetic or electric Ing, which 
it is not nocossary to describo heroin in detail. 
although my present invention is applicablo 
theroto. n such motors I nso an armaturo 
wound with а сой orcoils, which із sometimes 
connected with the external circuit and somo-- 
times closed. upon itself, and to both forms 
tho presont invention applios. In these mo- 
toro tho total enorgy supplied to effect their 
poration is equal to the sum of tho energies 
expended in thearmatureand thoficld. ‘Tho 
омог dovoloped, however, is proportionate 
tho productot these quantities. This pro- 
oct will bo groatest whon these quantitios are 
‘equal; henco in constructing a motor I deter- 
mine the mass of thoarinature and field cores 
and tho windingsof bothand adapt tho two so 
ва to cqualize as nearly as possible tho mag- 
netiequantitiesot both. In motors which havo 
closed nrmature-coils this із only approxi- 
mately possible, as tho energy manifested іп 
se the arwature is tho resultof inductive action 
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from tho other clement; but in motors in 
which tho coils of both armaturo nnd боја 
are connoctod with tho external circuit tho 
resalt can bo much moro porfootly obtained, 

In farthor explanation of my object let it 55 
Ъе assamed that tho onergy as ropresentod in 
tho magnetism in the fold of n given motor 
is ninety and thatof tho armature (еп. Tho 
sum of thesoquantitics, which roprosents tho 
total endrgy exponded in driving tho motor, 
isono hundred; but, assuming that tho motor 
bo во constructed that tho enorgy іп tho field 
is ropresonted by fifty and. that in tho arma- 
ture by fifty, th» sum is still ono hundred; 
but whilo in tho first instanco tho product is 
nino handred, jn the second itis twothonsand 
буо hundred, and as tho enorgy developed ів 
in proportion to thoso products it is cloar that 
iboso motors аго tho most officient—othor 
things boing oqual—in which tho magnetic 
energies doveloped in tho armataro and Пе! 
эге cqual. ‘Those results I obtain by using” 
tho samo amount of copper or ampere turns 
in both elementa when tho cores of both aro 
‘equal, or approximately во, and tho same cur 75 
ront energizes both; or in casos whore tho 
‘currents in опо eloment aro induced to those 
of tho other І uso in tho inducod coils an 
схсова of copper over that in tho primary 
clement or conductor. 

While I know of no way of illustrating this 
invention by a drawing euch as will moot 
tho formal requiremonts of an application for 
patent, I havo appended for convenionco в 
conventional figuro of a motor such as I em- 85 
ploy. I would stato, however, that I believe 
that with the problem beforo him which I 
have herein stated, and tho solution which I 
Bavo proposed, any ono skilled in tho art will 
bo ablo to carry out and apply this invention 9o 
without difllculty. 

Gonerally speaking, if tho mass of the cores 
of armature and ficld bo equal, the amount 
of copper or өлірдго turns of tho enorgizing- 
coils on both should also be equal; but озо 
conditions will bo modified in woll-undorstood 
ways in different forms of machino. It will 
bo understood that theso results aro most ad- 
vantageous when existing under tho con- 
ditions presented when tho motor is running too 
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with its normal load, and in carrying out the 

invention this fact should bo taken into con- 

sidoration. 

4 Reforring to tho drawing, A is tho feld- 
у magnot, В tho armaturo, C tho fleld-toils, and 

D (йо armature-cols, of tho motor. 

+ Tho motors described in this application, 

‘oxcopt as to tho features specifically pointed 

out in tho claims, aro déseribed and claimed 
10 in prior patenta granted 1o and applications 

Aled by ino, and ато not horein claimed 

What I claim is— 


1. An electro-maznotio motor having flold 
and armature magnets of equal etrongth or 
magaoticquantity when energized by agivon 
carront, аз set forth. 

2. In ап alteraating-current motor, tho 
combination, with field and armaturo coros 
of equal masa, of enorgizing-coils containing 
canal amounts of copper, as horoin sot fort 

NIKOLA TESLA. 
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To all whom it may concert 
іс known that I, NIKOLA Testa, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-JTungary, re- 
з aiding at New York, in the county and Stato 
bf New York, havo invented certain new and 
пеш! Improvemonts in Eleetro- Magnetic 
Motors, of which tho following is a specifien- 
tion, referenco being lind to the drawings ac- 
1 edmpanying and forming a part of the same. 
‘This invention relates to that form of alter- 
nating-enrrent motor invented by me,in which 
there are two or moro energizing -cirenits 
through which alternating currents differing 
15 In phaso are caused to pass. 1 havo in prior 
patents and applications shown various forms 
Бе types of this inotor—first, motors having 
two or moro energizing-cireuits of the same 
electrical character, aml in the operation of 
20 which tho currents used differ primarily 
phase; second, motors with a plurality of e 
eigizing-eiveuits of different electrical ег 
eter, in or by means of which the difference 
of phase i» produced artificially, and, third, 
25 motors with n plurality of cuergizing-cireuits, 
the currents in one being induced from 
currents in^ another. [Г sbalt hereinafter 
show tho application of my present inven- 
tion to theso several types. Considering the 
30 structural and operative conditions of any 
one of them—as, for example, first- 
named—the armature which is mounted to 
rotate in obedience to the co-operative in- 
uence or action of the energizing-cires has 
35 "oils wouud upon it which are close 
themselves and in which currents are induced 
by theenergizing-currents with the object and. 
resultof ew thoarmature-core: but un- 
der any such conditions xs must exist in these 
4o motors it is obvious that a certain time must 
elapse between tlie manifestations of an ener- 
xizing-current impulse in the field-coils, and. 
tho corresponding magnetic state or phase in 
the armature established by tl i 
45 duced thereby ;consequentl 
influence or effect in the 
rect result of a primary-eurrect impulse will 
have become more or less weakened or lost 
bofore the corresponding effect in the arms- 
go turo indirectly produced has reached ИЗ 
maximum, „ Tais is a condition unfavorable 
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to efficient working iu certain cases—as, for 
instance, when thé progress of the resultant 
poles or points of maximum attraction is very 
great, or when a very high number of altor- 
nations i» employed--for it is apparent that 
а stronger tendency to rotation will bo main- 
tained if the maximum magnetic attractions 
or conditions in both azmatare and field co- 
incide, the energy developed by n motor bo- 
ing measured by the product of the magnetic. 
quantities of the armature and field. 

‘The object, therefore; in this invention ia 
to so construct or organize these motors that 
the maxima of tho magnetic effects of the 
two eloments-—the armature and ficld—shall 
more nearly coincide. "his I accomplish їп 
various ways, which I may best explain by 
reference to the drawings, in which varions 
plans for accomplishing the desired results 
ure illustrated. 

Figure 1: This ix а diagrammatic illustra- 
tion of a motorsystom such as I have described 
in my prior patents, and in which the alter- 
mating currents proceed from independent 
sources and differ primarily 1n phase. 

А designates the field-magnot ог magnetic 
frame of, the motor; 23 D, oppositely-locatéd 
pole-pioces adapted to receive the сой of one 
energizing-eireuit; and C С, similar pole- 
pieces for the coils of the other energizing- 
circuit. ‘These eireuits aro designated, ro- 
spectively, by D E, tho conductor D” forming 
а common return to tho generator б. Пе 
tween these poles is mounted an armatuiv-- 
for example, à ring of annular armature, 
wound а series of coils F, forming a 
closed circuit.or circuits. "The action or op- 
eration of & motor-thus constructed is now 
well understood. It will he obsorved, how. 
ever, that the wagnotism of poles B, for ex- 
ample, established by а currentimpulso in 
the coils thereon, precedes tbe mngnetic effect 
set up in the armaturo by the induced enr- 
rent in сойо F. Consequently the mutual 
attraction between the armatnro and field- 


poles isecusiderably reduced. . Thesame соя. 
ditions will be found to exist if, instead of 
В ог С аз neting indo- 
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пещ with secondary poles B^ C^, which are 
situated botweon the others, T'hese.polo- 
piecos T wind with coils Р” E^, the former іп 
derivation to the coils D, tho latter to colls Е. 
‘The main or primary coils Dand Enro wound 
for а differont sef-Induction from that of the. 
coils D’ and Е’, the'relations being so fixed 
that if the currents in D and E differ, for ex- 
ample, by a quarter-phase, the currents in 
onch secondary сой, as D' E^, will differ from. 
thoso in its appropriate primary D or E bj 
зау, forty-five degrees, or one-eighth of a p 
riod, 

Toxplain tho action of this motor as fol- 
lows: Assuming that an impulse or alterna- 
tion їп cireuit or branch E is just beginning 
while in the braueh.D it is just falling from 
maximun, the conditions of a quarter-phaso 
diforonco. "Tho ideal resultant of tho at- 
raetivo foreos of tho two seta of poles B°C 
thereforo піду bo consldored as progressing 
from poles В to poles C while the іюршізе in 
Е is rising to maximum and that in D is Zall- 
Ing to zero or minimum. "Tho polarity set up 
in tho armature, howover, lags behind tho 
nianifostations of field magnetism, and hence 
tho maximum points of attraction In arma- 
tire and field, Instead of coinciding, лге ап. 
gularlydisplaceds. "Thisoffoct iseounteracted 
by the supplemental polos 3 C’. Tho mag- 
notic phases of (озо poles succped those of 
polos 1) С by tho samo, or поку the same, 
period of time ай olapses Борисов tho offect 
of tho poles 1} € nnd tho corresponding in- 
ducod effect in tho armature; hence Шо mag- 
notic conditions of poles I, С” and of the 
armature moro nearly coincido and a bettor 
result isobtained. Аз polos DC" nct in con- 
junction with tho polos in tho armaturo es- 
tablished by poles B С, so іп tura poles C Jy 
act similarly with the poles sot up by Ју СУ, 
vospectively. Under such conditions tho re- 

оп of tho magnotie offoct of tho arma- 
tura and that of tho secondary poles will bring 
tho maximum of the two moro nearly into 
coincidonco and n correspondingly-atronger 
torque or magnetic attraction bocured. 

Tn such в disposition as 18 shown in Fig. 1 
it will bo obsorved that as tho adjacent polo- 
pieces of olthor circuit Are of like polarity 
they will havo а certain weakening offoct 
npon one another. I therefore prefer to те: 
movo tho xecondiry poles from the direct in- 
fluonce of tho others. ‘This I may do by éon- 
structing л motor with two independent sete 
of Golda, and with oither ono or twoarmatures 
clostrically connocted, or by using two armia- 
tures sud one field, ‚езе modifications will 
be illustrated heroiunfter. 

9 is n diagrammatic illustration of a 
motor and system in which the difference of 
phasa is artifieillypreduced. Theroaretwo 
сойз D D iu one branch aud two coils E E in 
tho other branch of the main cirouit.from 
the erator С. Those two circuits or 
branches are of dittoront self-induction, one, 
ва D, being higher than the other. For con- 
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venionco I have indicated this By making 
coils D much largor than coils E By reason 
of this difforence in tho electrical character 
of the tro circuits tho phases of current in. 
опо aro retarded to а greater extont than tho 
other. let this difference be thirty dogrees. 
А motor thus constructed will rotate мойег 
the action of an alternating euren 
happens in the case proviously dese: 
corresponding maguetic.ctfecis of tha arma- 
ture and fold do not coincido owing to tho, 
time that clapses between a given magnetic 
effect in tho armaturo and the cundition of 
the feld that produces it, І therefore om- 
ploy tho sooondary or supplomental pales D 
С. There being thirty degrees difference of 
phaso betwoen the curronts in coils D E, tho 
magnetic offeots of poles B’ С” should с 
spond to that produced by a current difforing 
from the rent in coils D or M by filteen 
degrees. ‘This I тау accomplish by winding 
‘each supplemental polo B’ C with two coils It 
IV, "Тһе coils Паге included in а derived сіг. 
cuit having tho samo self induction ал elreult 
D, snd coils И” in a'eirenit having tho same 
aolf-induction ascircpit.E, so that if thosa cìr- 
enits diffor by thirty degroes the magnetism of 
poles B’ C’ will correspond to that producod 
by а current difforing from that in oithor D 
of-E by Aftoon dogrecs. ‘This is truo in all 
other eases, Рог example, if in Fig, 1 tho 
coils D' Е’ bo replacod by the coils ICH’ in. 
eluded ia derived circuits, thy maguotisim of 
tho polos B’ С” will correspond: in effoct or 

hase, if it may bo eo tormed, to that pro- 

сеї by a current difforing from that in 
eithor elreuit D or E by forty-five dogroos, or 
ono-cighth of в porlod. 

"This invention as applied to a dvrived-oir- 
cuit motor is illustrated in Figs. 3 and 4, ‘Tho 
formor is ап end view'of the motor with tho 
armaturo in sogtion and а diagram ocounee- 
tions, and Fig. 4 а vertical soction through 
tho fiold. "'heso figures aro also drawn to 
show опо of the dicpositions of two 1018 that 
may be adopted in carrying out tho Invention. 
‘Tho poles BB С C are in ono ficld, tho ro 
maining poles ia tho other. ‘Tho former аго 
wound witk primary coils I J and secondi 
сойв Y J^ the latter with coils KL. Пора 
mary colls 17 aro in dorived oireuits, betwoon. 
which, by говно of their difforont solf-induc- 
tion, there is а difforonco of phase, say, of 
thirty degrees. ‘Pho coils I’ К aro in circuit 
with ono anothor, ag also aro coils J^ L, and 
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Jhore ehould boa üifferonco of phano betweon 
tho eurrenta in coils K and L aud their corro- 
sponding primarien of, вау, ооп dogreon. 
HE les B Caro at right ongles, the arma- 
twre-coiis should be conneeted Итосу noroes, 
‘single urmaturo-coro wound from ond (0 
end may be used; but if the polos П C be in 
lino there should boan angular diuplecoment 
Sf the nrmaturo-cojja, ав will bo well under- 
stood. 
‘The operation will bo ubderstood from tho 
foregoing. The maximum magnetic condition 
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of a pair of poles, аз В” B’, coincides closely 
with the maximum effect іп the armature, 
which Ings behind the corresponding condi- 
tion in poles В В. 


5 There are many other ways of carry: 
invention, but they all involve tho same 
broad prineiple of п апа 


In 
coincidence o£ tho magnetic phases or effects 
in ono set of field-magnets with (hose set up 
in the armature by the othor I refer only (о 
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ate resnlts; but this of course will 


What I elaim 18— 
4.1. Inanalternating-current motor, tbe com- 
7 bination, with an armature wound with closed 
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coils, of main and supplemental field magneta 
ог poles, one set of which із adapted to ex- 
hibit their maximum magnetic effoct simul- 
taneously with that set up in the armature 
by the action of the other, as sot forth. 

2. Ia an eloctro-magnotic motor, the combi- 
tion, with an armature, of a plurality of 
jeld or enorgizing coils included. respectively, 
in main circuits adapted to produce a given 
differonce of phaso and supplemental or вос- 
ondary circuits adapted to produco an intor- 
mediate difference of phase, ns ot fort. — ' 

NIKOLA TESLA, 
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To all whom it may concern: 
1 iie it known that 1, NIKOLA "ТАЗА, а sub- 
ject of the Emperor of Austria-Hungary, for- 
inerly af Smiljan, Lika, border country of Aus- 
tria-ilungary, but now residing at New York, 
in the county and State of New York, havo 
invented certain new. and useful Improve- 
ment, in Methods of Operating Kieetro-Mag- 
metie Motors, of which the following їзА speci 
fication, reference being had to the drawi 
Accompanying and forming 
In a patent granted to me April 16, 1889 
401,520, 1 havo shown and described a 


‘one operated by the action of two or more in: 
dependent energizing-currents to a motor of 
ornted by a. single current or several act 
as опо, 

"Tho present, snvention is a spocific way of 
earzying ont the samo invention; and it con- 
sists in the following method: On the start 1 
progressively shift the magnetic poles of one 
element or field of the mo” ` by alternating 
currentsdifferingin phases — passed through: 
independent ¢nergizing-cireuits and short- 
circuit the coils of the other element. When 
tbo motor thus started reaches or passes the 
limit of speed synchronous with tie цепега- 
tor, I connect up the coils previously short- 
circuited with a source of direct current and 
by a change of the circuit-connections pro- 
duce a simple alteroation of the poles. Tho 
motor then continues to run in synchronism 
with the generator. ‘There are m 
ally-dilferent ways in which this 
ried out, but I have selected on 
ing tho principle. 
annexed drawing, which is a side view of n 
motor with a diagram of the circuits and de- 
vices uséd in the system. 

‘Tho motor shown is ono of the ordinary 
forms, with field-cores either laminated or 
solid and with а cylindrical d arma 
ture wound, for example, with the coils A В 
atright angles. ‘Tho sh the armature. 
encries three collecting or contact rings О D 


for illustrat- 
‘This із illustrated in tho 


E. (Shown, for better Illustration, as of dif- 
ferent diameters.) 

One end of сой A connects to ono ring, as 
C,and one end of сой П connects with ring D. 55 
Tho remaining ends arc connected to ring E. 
Collecting springs or brushes F G If bear 
upon the rings aud lead to (lo contacts of a 
switch, tobeliereinafter deseribed. The field- 
coils have their terminals in binding-posts K бо 
К, and may be cither closed upon themselves 
oF connected with a source of direct current 
L by means of a switeh M. "I'he main or con- 
trolling switch hasfive contacts a b c d cand 
two levers fg, pivoted and connected by an 65 
insulating éross-bar А, во as to movo in paral- 
lelism. ‘Theso levers aro connected to tho 
linoswires from a. sourco of alternating cur- 
‘rents N. Contacta is connected to brush.G 
and coll В throngh a dead-resistanco R an 1 зо 

го P. Contaetb is connected with brush F 
and coil A through a self-induction coil S and 
wire O. Contacts c and e aro connected to 
brushes G F, respectively, through tho wires 
РО, and contact dis directly connected with 75 
brush И. ‘The lover f has а widened end, 
which way span tho contacts а 0. When in 
such position and with levor g on contact d, 
е alternating eurrents divida botwoon tho 
two motor-coils, and by roason of their dif- Во 
feront solf-induction a difference of current 
phase is obtained that starts Ше motor in ro- 
tation. lm starting, as I have above stated, 
"the field-colls are short-circuited. 

When the noter has attained tho desired 85 
speed, the switch is shifted te the position 
shown io dotted lines—thatis to suy, with tho 
levers fg resting on pointker. "Thisconnecta 
up the two aruiature-coils in series, aad the 

utor will then тан as a synchronous motor. go 
he ficld-coils ave thrown into cireuit with 
the dircet-current source when the* main 
switch is shifted, 

What Т claim herein as my invention is— 

The method of operating cleetro- mag- 95 
теце motors, which consists in first progress- 
ively sbifting or rotating the magnetic polos 
of one element until it has reached а syüch- 
ronous speed and then alternating said poles 
and passing a direeLeurrent through Ше coils сес 
of the other clement, as herein set forth. 

3. The method of 'oporating oloctro - mag- 
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ic motors, which consists in short-circuit | rent and through the armatare-coils alternav- 
the coils of one element, as the ficld-mag- | ing curreats coinciding in phase. 

niet and passing through tho energizing-cails ER 

of ihe other element as the armature, alter- NIKOLA TESLA. 
5 nating currents differing in phase. and then | Witnesses 

when the motor has attained a given speed, R J. STONEY. Jr, 

passing through the field-coila а direct cur E P. Corris. 
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To all whom it may concern: | 


Ie itknown that], NIKOLA "GLA, а subject. 
of the Emperor of. Austria- Hungary, from 
Smiljan, Lika, bordercountry of Austria-un- 
гу, vesidingat New York, in the county and 
State of New York, have invented сейма new 
And useful Improvements in Eleetro-Ma, 
Motors, of which the following is a specifica 
tion, reference being had to the drawings ac- 
то companying and forminga part of the same. 

T havo invented and elsewhore described 
ап electro-magnetic motor operated oradapted 
tu be operated by an alternating electri 
rent, and whieh is now conmonly designated, 

1$ whether correctly or not, а “ maguelic-lag 
motor. ‘The main distinguishing fextures of 
“this motor are Ше following: An armattreis 
mounted within the magnetizing influence of 
A certain number of field magnets or poles of 

20 different magnetic susceptibility—that is to 
say, poies of unequal length, mass, or com- 
position—and wound with coils adapted in 
the operation of the motor to be connected 
to n souree of alternating currants. When 

25 an alternating enrrent is passed through the 
coils of such а motor, tho feld magnets ос 
Poles йо notapyoartonianifestiheirattractive 
effect upou the armature simultaneously, the 
magnetic attraction of some appearing (0 lag 

зо behind that of others, with the result o£. pro- 
ducing а torque and -rotation of the motor. 
Generally I have made such motors with'| 
closed armature-coils. 

I have invented another furm of moto: 

35 which, for similar reasous, may о called 
‘“inagnetic-lag” motor; but in operation it dit- 
4ers from that which I have above described 
in that the attractive effects or phases of the 
poles, while lagging behind the phases of.car- 

40 ront which produce them, aro manifested si- 
multancously and not successively. 

То carry out this invention I employ a mo- 
tor embodying tho prineiplz of construetion 
of a motor described and claimed in an sp- 

45 plication filed by mo Janua 
303,745, to the extent that boili the armaturo 
and field receive their magnetism from a sin- 
gle energizing-eoil or a plurality of coils act- 
ing as one. 

‘A motor which eubodics my invention 
with certain modifications thereof, із illu: 
tented in the accompanying drawings 
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‘igure 1 is a side view of the motor in ole- 

F Js a part-sectional view at 
бді g- 3 ian end vie 
in elevation and part section of à. modifica- 
tion, and Fig. 4 is n similar view of another 
modifientiqn. 

In Figs I and 5, А desiguates а base or 
stand, and B B tho supporting-frame of the 
motor. Bolted to the said supporting.frame 

e two mngnotic cores or pole-pieces С C^, of 
iron or soft steel. These may be subdivided 
or laminated, in whichense hard iron or stool 
plates or bars should be used, o they should 
be wound with closed coils. "D is a circular 
disk-armature built up of sections or platos of 
iron and mounted in tho framo between the 
pole-pieces С C’, which lattor aro proferably 
curved to conform to the cirenlar sltapo thero- 
of. I may wind this disk with a number of 
closed сойз Е. F Fare the main energizing- 
coils, supported in any convenient manner by 
tiesapporting frane,orothervise, butsons to 
include within their magnetizing inflüonco 
both tho роһо-рісес СС” and tho armaturo D. 
"he pole-pieces С С" project out beyond 
the coils F F бп opposito sides, ns indicated 
in the drawings. It an alternating ónrrent 
bo passed through Шо coils F F, rotation of 
the armature will be produced, and this rota- 
tion I explain by the following apparent ac~ 


[чон or mode of operation: An impulse of 
| current in the coils F F establishes two polari- 
ties in the motór. "Tho protruding ond of 


pole-piece С, for instance, will be of one sign, 
and thocorresponding end of pole-piece C^ will 
be of the opposite sign. The armature also 
exhibits two poles at right angles to tho coils 
ЕР, like poles to thoso in tho pole-pioces 
being on the samo side of the coils. Whilo 
the current їз flowing there is no appreciable 
tendency to rotation developed; but after 
each current impulse ceases or begins to fall 
1 tho magnetis in tho armature and in the 
ends of tho pole-pieces CC’ lags or continuos. 
to manifest itself, which produces a rotation 
of. the armature by tho repellent force be- 
tween the mére closely approximating points 
of maximum maguetle effect. "his offect is 
continued by the reversal of current, the po- 
lazities of Пеја amd armature being simply 
reversed. Опо or both of the clements—tho 
| armature or field—may bo wound with closed 
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induced coils to intensify this effect, although. 
іш tho drawings I have shown but one of tho 
fields, each element of the motor really соп- 
stitutes а field, wound with tho closed ел, 
5 the currents being induced mainly in those 
convolutions or coils which are parallel to the 
сойз F F. А modified form of this niotor is 
shown in Fig.3, In this form G is one of two 


standards that snpport the bearings for tho | 


то armature-shalt, HE Паге uprights or sides of 
а frame, preferably magnetic, the ends С C 
of which are bent, substantially as shown, to 
conform to the shape of the armature D and 
form fiell-magnet poles. ‘The construction оГ 
15 the armature may be the same as in the pre- 
vious figure, or it may be simply а magne! 
diak or cylinder, as shown, and a coil or coils 
F F aro secured in position to surround both 
tho armature and the poles СС” ‘The arma- 
20 ture is detachablo from its shaft, the latter 
being passed through the armature after it 
has been inserted iu position. ‘The opera 
«f this form of motor is the same in principle 
as that proviously deseribed and needs no 
әр further explanation. 
One of the most important features in alter- 
nating-enrrent motors is that they should be 
айры to and capable of running efficiently 
in the alternating systems in present use, in 
3e Which almost without exception the gener- 
жоғ yield a very high number of alterna- 
tions. Such a motor Ї have designed by a de- 
velopment of the principle of the motor 
shown In Fig. 2, making a multipolar motor, 
45 Which is illustrated in Fig. 4, Tn the con- 
struction of this motor Т employ an annular 
i 


magnetic framo J, with inwardly-ext 
ribs or projections K, the ends of which Kd 
bond or turn in one direction and аге gen 
49 orally shaped to conform to the curved sur- 
face of tho armature. Coils F F are wound 
from one part К to tho one nest adjacent, 
tho ends or loops of each coil or group of 
wires being carried over toward the shaft, 
4$ во as to form U-shapeit groups of convolu- 
tions at each end of the armature. ‘The pole- 
pieces © C^, being substantially concentre 
with the armature, form ledges, 
Ше coils are laid and should project 
go some extent beyond the coils, as shown. 
cylindrical or dram armature D is of the same 
constrnetion as in the other motors described, 
and is mounted to rotate within the annular 
framo J and between the U-shaped ends or 
ту bendsof thecoils F. 71 nected 
in multiple or in м 
ing currents, and are ко wound that with a 
current or current impulse of given direct 
will make the alternate pole-pieces С of 
polarity and the other pole-pieces С? of 
the npposite polarity, "The principle of the 
operation of this motor is the same as theother 
hi deseribed, for, considering any two 
pole-picees C С.а current impulse passing 
65 in the coil which bridges them ог is wound 
over both teads to establish polarities in tht 
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cuis of opposite sign and to set np in the 
armature-core between them a polarity of tho 
sume sign as thatof the nearest pole-piceo C. 
Upon Ше fall or cessation of the eurrent im- 
pulse that established these polarities tho 
magnetism which Ings behind the current 


phase, and which continues to manifest itself 
rni- 


n the polar projections C С' and the 
ture, produces by repulsion a rotation of 
ature. The effect is continued by en 
reversal of the current. 
the case of oue pair of polo-pieces o 
multaneously in all, so that the бөлісіне 
rotation of the armature is measured by the. 
sum of all the forces exerted by the pole 
pieces, as above deseribed. [n this motor 
also the maguetic lag or effect is intensified 
Әу winding onc or both cores with closed in- 
duced coils. "he armature-core is shown аз 
thus wound, When closed eoils are used, tho 
| cores should be laminated. 

Tt is evident that a pulsatory as weli as an 
alternating current might be nsed to drive or 
operate the motors herein deseribed; but I 
prefer to use allefnating currents, 

It will фе understood that the degree of 
subdivision, tho mass of the iron in the cores, 
thelr size, and the number of alternations in 
the current employed to run the motor wust 
be taken into consiceration in order to prop- 
спу construct this motor, In other words, in 
all such motors the proper relations belween 
the number of alternations and the mass, 
size, or quality of the iron must be preserwed 
in order to securo the hest results. ‘These 
are matters, however, that are well undor- 
stood by those skilled in the art. 

What Telaim 

2. Inanaltornating-cnergnt motor, the con- 
bination, with the armature and field-cores, 
of stationary energizing-coils enveloping the 
said cores and adapted to produce polarities 
ог poles in both, tho field-cores extending out 
from the coils and constructed зо аз to ex- 
hibit the magnetic effect imparted to th 
after the fall or cessation of ex 
producing such effect, as sct forth. 

2, In an alternating-current moloi 
j bination, with an armatur 

configuration, of a supportiug-frame, feld- 
cores extending. therefrom over portions of 
| the periphery-of the armature, and ene 
ing-coilssurrounding said armature and parts 
| of the ficld-cores, as set forth. 
| 3 The jon, with the rotatably- 
mounted armature, of the eireular frame J, 
the ribs K, with polar exteusions extendi 
over portions of the armature, and the ener 
gizing-coils F, wound over portionsof the pole- 
pieces and carried in loops over the ends of. 
the armature, as herein set forth. 
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UNITED STATES 


NIKOLA TESLA, OF NEW YORK, N. Y. 


PATENT OFFICE. 


ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, OF SAME PLACE. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Lettora Patont No. 443,207, dated 1: кзљту 27, 1801. 
Avplicstlen Sied Xav 20, 1989. verla) Уе, 311417. Mo modal) 


To all whom it may concen: 

Be it known that 1, NIKOLA TESLA, a sud- 
ject of the Emperor of Austria-Iungary, from 
Smiljan, Lika, border country of Austrla-Hun- 
gary, residing at Now York, in the county and 
State of New York, bavo invented certain now 
and useful Improvemonts in Eloctro-Mágactie 
Motors, of which the following is a вресібса- 
tion, reference being had to the drawings ac- 
companying nnd forming n part of the same. 

Among the various forms of alternating- 
current motors invented by me is one which 
1 have described in other applications, and 
which isconstructed as follows: I build a feld- 
core with, вау, four poles, betweon which is 
mounted an armature that is generally wound 
with elosed coils. On two of tho opposite 
poles of the field I wind primary coils, which 
‘are connected np in Шо main cirenit. Ол tho 
same cores I also wind secondary coils, which 
ave closed through сойз on the other pair or 
set of poles. Tu this motor when an alternat- 
ing current is caused to pass through the pri- 
зангу evils it energizes, directly one set of 
poles and induces currents in tho socondary 
coils, which net to energizo tho other poles; 
hut (һө phases of the current in tho second: 
ary coils may differ in tne from those of the 
primary current, and hence a rotation or shift- 
ing of the poles is effected that imparts rota- 
tion to the motor. 

‘These motors may bo constructed in many 
ther ways; hut for purposes of this caso it is 
only aecessary to consider tho specific form. 
whieh I have thus generally deseribed;as my 
improvements relate mainly to such form. 

‘The object of алу present invention is to 
render this form of motor more efficient and 
to improve Из action or mode of operation. 

Jn the motors constructed in aecerdauce 
with this priueiple I bring two onorgizing- 
circuits into inductive relation in tho motor 
itsolf—that is to вау, Шо secondary curronts 
which energize one set of the fiold.cores are 
induced in the motor itself, und the employ. 
mont of ап extornal induction dovieo is thu 
avoided. "The operation of these motore, how- 
ever, is dependent upon the existence оба 
certain dilference of phase between the cur- 
rents in the primary and secondary ерік. To 
obtain a differonce of phase or lag that is 


suited to worxtmg conditions 18 the specitic 
object uf my present invention, 

The following explanations will serve to 
illustrate the principle upon which snid in- 55 
vention is basod, Tet it be asenmod that an 
ordinary alternating-current generator Is con- 
nected пр in д circuit of practically по self- 
indaetion, such, for example, ля a cireuit con- 
taining ineandescent Inmpsonly. Oa thoop. бо 
oration of the machine alternating currents 
will bo developed in the cireult, nnd tho phaser, 
of these currents will theoretically coincido 
with tho phases of the impressed olcetro-mo: 
tive force. Suok currents тилу, be regarded 65 
and designated па tho" anretardéd currents.” 

Jt will be understood, of course, that in 
practice there Is alw: more or less во! а 
duction in the cireait, which mo 
responding estent theso conditions; but for 70 
convenience this may bo disrogarded in the 
consideration of the principle of operation, 
since tho same laws apply. Assumo next 
that a path of currents be formed neross any 
two points of the above circuit, consisting, 75 
for example, of the primary of an induction 
devite "he phases of tho currents passiog 
through the primary, owing to tho selin- 
duction of tho samo, will not coincide with 
the phases of tho impressed electro-notive Во 
force, but will lag boliind to same, such lag 
Velng directly proportional to the self-indue- 
tion nnd inversely proportional to tho resist 
апсо of the anid. coil. Tho insertion оГ this 
coil will also cnuse a lagging or rotnrdation 86 
of the currents traversing abd delivered by 
the gonerator bohind the impressed electro- 
motive force, such lag being the menn or ro 
sultant of the lag of (һе current through tho 
primary Моно and that of what I havo des 
ignated the “unretarded current" in the 
ontiro working-cirewit, Next cousiter the 
conditions imposed hy tho association in in- 
ductive relation with the primary coil of a 
secondary coil. ‘Sue current generated in the 95 
secondary coil will react upon the primary 
current, modifying tho retardation of tho 
same, according to tho amount of sclf-induc- 
tion and resistance іп tho secondary circuit 
If tho secondary circuit have but little self too 
iuduetion—as, for instance, when it contains 
incandeseont lamps only—it will inerense the. 
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actua) difference of phase between 
and the primary enrrent, first, by di 
ing tho lag hetween tho primary current and 
the impressed electro-motive force, and, sec- 
ond, by its own lag or retardation bebind 
The impressed clectro-: 
other hand, if the socondary спев have a 
high self-induetion its lag behind the cur- 
rent in the primary їз directly inereased, 
lo it will be still further increased if tho 
primary have a verslowsell-indnetion. Tho 
hetter results are obtained when the primary 
has a low self-induction. apply these prin- 
iples to the construction of a motor which 1 
shall now deseribe. 
The details of 
trated in the di 


е improvements are illus- 
ings, in which- 

Figure} із a diagram of s mot 
oy invention. Fig’? is а simila 
а modification of the same. 

* In Fig. 1 let A designato tho field-mageet 
of а motor which, as in all these motors, is 
built up of sections or pintes. В Care polar 
projections upon whieh tho coils aro wound. 
Apon ono pair of these poles, аз C, I wind 
primary coils D, which ure directly connected. 
То the circuit of an alternating-enrrent gen- 
reator С. On ће казао poles T also wind sec- 
»ndary coils F, oither side by sido or over or 
under the primary coils, and those I connect 
with other coils E, which surround the poles 
BB. Athy gurrenis in both prituaey aud soc- 
ondary coils in such a motor will be retarded 
or will lag behind tho impressed olectro-mo- 
tive force; but to securo a. proper difference 
in phaso between the primary and secondary 
currents themselves I inereaso the resistance 
of the cirenit of tho secondary and reduce аз 
much as practicable its self-induetion. {1 do 
this by using for tho secondary circuit, par- 
ticularly in the coils E, wire of comparatively 
small diamotor and having -but fow turns 
around the cores; or I use some conductor of 
higher specific resistance, such аз German 
silver; or 1 may introduce at ошо point in 
the secondary circuit an artificial resistance 
T. Thns the self-induction of the secondary 
i kept down and its resistanes increased 
with tbe result of decreasing the lag betwee 

the inrpresscd electro-motive force and the 
current in the primary coils and increasing 
the difference of phase between the primary 
und secondary currents. 

In the disposition shown in Fig. 2 tho lag 
in the secondary ік inerensed by increasing 
the selCinduetion of that circuit, whilo the 
increased tendency of the primary to lag із 
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counteracted by inserting thetvin a dead re- 
sistance, The primary coils D in this case 
have and kigh resist- cu 


ance, whi 
ondary circuit, h 
low resistances, "This muy b 
ling of the 
ineluding the seconda 
traduco a seltindnction coil S, whilo 
primary circuit from the generator G an 
cluding coils D, I ay insert a dead resist. 
anco M. By wis means the differonee of 
phase betweon the primary and secondary is 
increased. Tt is ovident that both means of 
increasing the difference of phase—namely, 
by tho special winding as well as by thesup- 
plomental or external inductive aud dead re- 
sistanee—may be employed conjointly. 

Та the operation of this motor tho current 
npulses in tho primary coils inducocurrents 
in the secondary coils, and by the conjoint 
action of tha two the poiuts of grentest nag 

netic attraction are shifted or rotated. 

Та practico I havo found it desirablo to 
wind the armature with closed coils іп which 
currents are induced by the action thereon 
Of tho primaries. 

1 do not claim, broadly, herein tho method 
of oporating molore by inducing in ono 
cnit currents by maus of thoso in another, 
nor tho other features horein not specifically 

pointed out in the ciaims, having porsonally 
filed applications for stick features. 

What I сілі B 

1. Тө combinatiou, in amotor ofa primary 

ixing-eireuit adapted to be connoctod 
h the cirewit of a genorator and а second- 
ary energizing-cireuit in inductive relation 95 
thoreto, the two cireuits being of different 
electrical tharactor or resistance, as sot forth. 

2. Thocombination, in a motor,of a primary 
encrgiziog-cireuit adapted to bo connected 
with the теці of a generator anda second- 
ary energizingcircuit in inductive relation 
theroto, tho two circuits being of different, 
self-indaction, из herein set fori. 

The combination, in a motor, of primary 
energizing-coils adapted to be connectod to a 
Source of current and secondary овог 
coils in à circuit in inductive relation thereto, 
опе sot of said coils being formed by conduct- 
ors of small sizo and fow turns, the other by 
conductors of larger size, as sot fort n 
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USE ELECTRIC COMPANY, OF PITTS- 


ARMATURE FOR ELECTRIC MACHINES. 


SPECIFICATION forming part of Letters Patent No. 417,794, dated December 24, 1880. 


Application fled Језе 28, 1889, 


To all whom it may concern: 

Re it known that we, ALBERT SCHMID and 
NIKOLA TESLA, citizens, respectively, of the 
Republic of Switzerland and Smiljan, Lika, 

$ border country of Austria-Hungary, now re- 
siding in Allegheny and Pittsburg, both іп 
the county of Allegheny and Stato of Peun- 
sylvania have invented a certain new and use- 
fil Improvement in Armatures for Electric 

зо. Machines, (Case No. 310.) of which the fallow: 
ing is a specification 

"The inventioi relates to the construction of 
armatures for clectvie generatorsamd motors, 
anil the object is to provide an eleetrigally- 

ient armature, the construction of whieh 

is simplo and economical, apd inwhieh the 

coils of insulated conducting wire or ribbon 

may be conveniently wound or formed into 

Dobbins so located with referonee to the body 

20 of the ure as to afford as оой results as. 
possible, 

For certain purposes it is desirable to con- 
struct thearmaturesof eleetrie generatorsand 
motors with their cores of magactizable mate- 

25 rial projecting through the coils into close 
proximity to the ficld-nagnet poles. When 
armatures are constructed in this manner, 
some moans are necessary for holding, 
in position and preventing thom from being 

30 thrown out by centrifug 

‘This invention aims to provide such means 
in an armature having polar projections, and 
also to form an armature in such manner as 
to expose а large arca of coresurface to the 

35 field-magnct poles. 

‘The invention consists, in general terms, in 
formingan armature-core which is preferably 
built up of lamin of magnotizable material 
insulated from each other, with diverging 

49 slots or openings for receiving the armature 
wire or ribbon, which slots аге connected with 
tho oxtericr of the armature by openings 
through which ihe wire 
slots, ind in placing the 

45 the proper manne 

We are awaro of the United States Patents 
No. 327,797, granted to Immisch, and No. 
292,077, granted to Wenstrom, and the British 


20 Nikola Tesla 


Beri Wo, $15,937. (ә mold 


patent of Coerper, No. 9,012 of 1887, and do 
not claim the contractions shown and de- jo 


ution will be deseribed more par 
i connection with the accompany 
ing d gs, in which— 

Figure Lisan end view, partly in section, of 55 
an armature embodying the features of thoin- 
vention, and Fig. 2 is a plan of the armature. 

ferving to the figures, F F indicate field- 
десі poles, and A represents the body or 
core of an armature composed, in this in- бо 
stance, of Jaminw. of magmnetizable material 
built up in any suitable manner, the lamine 
separated. by" intervening. 
их татегіді. ‘The individual 
го constructed with radial 65 
openings с, extending a short distance from 
thesurface, and with slots or openings b, which 
extend in different directions from the opon- 
ings с. ‘Thoslots diverge from cach other at 
such angles as to cause the (ко slots upon the 7 
opposite sides of cach web е thus formed 
Nein the samechord of the circle of the 
tu also be stamped or 
formed with openings to remove the ни- 
necessary metal. After the plátes arg formed 75 
theyare laid up in the proper mannerto form. 
the entire armatur-core, the slots b bei 
placed opposite each other to form continuous 
openings through the entire length of the 
armature. ‘These openings шау De lined by $o 
pockets А of insulating material—such, for 
instance, as vuleanized fiber—and the wires 
are Шеп wound into the slots from the open. 
ings c and around tho respective webs e. 
Winding-clips k may be placed atthe respect- 85 
ive ends of the armature opposite cach web e 
to hold the rires in the proper posi 
they are wound in the slots and down upon 
the armature ends. 

‘The wires having been wonnd into their go 
proper positions, they may be held moi 
curely in position by means of blocks К of 
non-maguetie material, placed at intervals or 
extending through tho entiro slots or open 
ings c and projecting into tho slots b. 

An armature constructed in the manner 
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described is found to be very efficient in its 
operations and at the same time simple in 
its construction. 
‘The connections between thearmature-coils 
5 and the conductors or collceting-plates may 
be made in any usual well-known manner, 
cording to the purposes desired to be served. 
We claim as our invention— 
1. Acore forelectrieal machines, composed 
to of plates of maguetizable material separated 
by insulation, said plates having diverging 
slots for receiving the arwiature-conductors 
and an opening to the esterior of the plate at 
the origin of the diverging slots. 
15 5, А core.plate for cleetrieal mach 
stamped with diverging slots at inter 
its periphery and an opening to the 


atthe angle formed by 
slots. < 
зо 3. Л соге for el ical machines, composed 


of plates of inagnetizatle materia? separated 

by insulation, said, plates having diverging 

slots for receiving’ tho armature-conduetors 

and an opening to the exterior of the 

ag the origin об the diverging slots, the width of 

such openings being approximately equal to 
the width of the slot 

4. Ап armature-core for 

consisting nf plates of mag 

зо separated by insulation, h rarlial open 

ings at intervals, slots diverging from said 

openings for receiving armature-coils, and 

Winding blocks orelips at the ends of the core. 

5. Ай armature-core for electrical appara: 

35 tus, composed of plates of magnetizablo ma- 


terial separated by ingulation and having 
radial openings at intervals, slots extending 
in opposite directions from said openings for 
receiving wires,and insulating-linings forsaid 
slots. 
6. An armature for electric machines, con- 
laminated core formed with di- 
ng the wires, said slots. 
шт intervening webs, and coils of wire 
found іп said slots. 
7. An armature for electric machines, еоп- 
sisting of a laminated core formed with di- 
verging slots for receiving the wires, said slots 
leaving intervening webs,coilsof wiro wound 
in said slots, and non-magnetizable material 
closing the openings of the adjaceut sl tout: 
ед. 

armature for electric machines, con- 
of а core having its outer surface con- 
tinuous except for narrow longitudinal open- 
25 at intervals and having slots diverging 
rom said openings armature-coils wound in 
slots, and blocks or strips of noo-mag- 
zablo material closing the openings and 
forming with the metal of the armaturo a 
practically continuous surface. 

In testimony whereof wo have hereunto 
subscribed our names this 25th day of June, 
A. D. 1889. 


side the wires, substantially as descri 
An 


ALBERT SCHMID 
NIKOLA TESLA. 
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W. D. UPTEGRAFF, 
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NIKOLA TESLA, OF NEW YORK, К. У, 
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ALTERNATING-CURRENT ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming part of Lettera Patent No. 483,700, dated August 5, 1800, 


русин Get Xand 28,18 


To all whom it may concern: 


Бе it known that 1, NIKOLA TESLA, n sub- 
Jeet of the Emperor of Austria-Hungary, from. 
Siniljan 


Lika, border country c( Aus 


уу residing at New York, in the county 
вой Stnie of Now York, have invented сег 
new and useful Improvementsia Alterrating- 
Current. Electro- Magnetic Motors, of which 


the following is а specification, reference boing 
had to the drawings accompanying aud form- 
iog a part of the same. 

‘hia invention is an improvement in that 
class of electromagnetic motors in which tl: 
rotation îs prodneed by the progressive movo- 
ment or effect of the waximnm magnotie, 
poluts cr poles produced by tho con 
tien ог effect of two energizing- circi 
through which nre passed niternating 
ronts, or eurronts of rnpidly-varying генд 
ofa kindred naturo. 

Tho improvements subject of this appii 
tion are more part applicable to that 
class of crotors in м. wo oF more sets of 
energizing-maznets are employed, and iv 
which by artificial means а certain interval 
of time ismadetoelapso between the respect- 
{ve ти or minimum periods or phases 
of their magnetic attraction or offect. This 
есулі or diferenco in phase betwenn the 
two gets of maguets, when artificially pro- 
ucc, is limited in extent, It is desirable, 
however, for the econninical working of such 
motors that tho strength or attraction of ono 
set of magnets should bo maximum at the 
time when that of the other set is minimum 
and conversely; but thesecanditions have not 
heretofore been renlized exccptin cases where 
‘the two currents have been obtained from in- 
dependent sources in the same or different 
E 

‘Tho object of the prosent invention is to 
establish conditions inorenearly approaching 
tho theoretical req: ments of perfect work- 
tox, or, їп other words, to produce artificially. 
& diferenco of magnetic phase by menua of 
a current from a singic primary source sufi- 
cient іп extent to mect the requirements of 
practical aud economicai working. 

In carrying ont my invention Í employed 
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| magnets, each wound with coils counocted 
with a sourco of alternating or rapidly-vary. 
f ing currents, bul forming two soparate patha 
[or circuits. The maguets of опо set 1 рт 
[tect to а certain extent from the energi. 
action of thecurreut by means ef a magnetic 
| shield or screen interposed between the mage 
net and its enerziziugcoll. "lhix shieht їз 
properly adapted! to theconditiousof partie 
lar eases, so a5 to shield oF protect the зга 
core from magnetization until it has becomo. 
| itself saturated and no longer capablo of con- 
| taining all the lines of furce produced by tho 
current. Dy this means it will bo scen that 
the energizing action begins in tho protected 
set of magnets a certain arbitrarily-doter- 
mined period of time later Шап in tho othei 
and that by this means alonó or in conjum 
tiou with other means ог dovices heretofore 
employed a praetically-cconomical difference 
of magnetic plaso шау readily be secured. 

‘The nature aud operation of the invention 
will bo more fuliy explained by rofereneo te 
the accompanying drawings. 

Figure 1 is à view of n motor, partly in sec- 
tion, with а dingram illustrating the inven- 
Fig. 2 ia л similar view of a modifica. 
tion of the ват 

To Fig. 1, which exhibits the simplest form 
of tho invention, А A is tho fioldanngnot of a бо 
motor, having, сау, eight poles or inwardly- 
projecting cores В and С. Tho cons B form 
өзезеі. of magnefsand are energized by е 
D. "фае cores С, forming tho other set, aro 
energized by coils E, and the coils aro con- 
nected, proforably, in Series with one another, 

two derived or branched circuits F б, 
spectively, from a suitablo source of eurront. 
Each coil E is surrounded by в magnetic 
shield И, which is preferably composed of an 
annealed, insulated, or oxidized iron wiro 
wrapped or wound on tho coils in the manuor 
indicated, so as to form a closed magnetic 
cirenitaroand thocuilsand botweon the samo 
aod tho magnetic coresC. Between the polo 9; 

seš or corea 1 C is mounted tho armature 
K, which, axis usual in this typo of machines, 
is wound with coils Leloscd;upon themselves. 
‘The operation resulting from this disposition 
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so motor with two sete of cucryiziug or Geld! ix ao follows: 10-0 curront impulse bo di- toa 
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recte ` through the two circuits of the motor, | action of tho current in that circuit will bo 


it will quickly onergize Шо cores B, but not 
во the cores С, for the reason that іш passing 
through the coils Е thers is oncountored the 
influence of tho closed magnetic circuits 
formed by the shields H. Tho first effect is 
to effectively retard the curront impulso in 
circuit G, По at the same timo tho propor- 
ion of current which does pass does not mag- 
netize the cores C, which are shielded or 
screened bythoshicldsH. Astbeincroasing 
eloctro-motivo forco thon urges moro curreut 


© 


through the coils E, the iron wire H becomes | 


magnetically saturated and incapablo of car- 
rying all the lines of force, во henco ceases 
to protect the cores С, which becomo mag- 
netized, doveloping their maximum efect 
after an interval of time subsequent to tho 
similar manifestation of strength in tho other 
set of magnots, the extent of which is arbi- 
trarily determined by tho thickness of tho 
shield H, and other well-understood condi- 
tions, 

From the above it will be saen that thoap- 
paratus or dovice acts in twoways. First, by 
retarding tho current, and, second, by retard 
ing the magnetization of onc set of the cores, 
from which its effectiveness will readily ap- 

poar. 
Е Many modifications of the principleof this. 
invention are possible. One useful and ейі- 
gient application of the invention is shown in 
Fig. ?. 


% 


5 


зо 


сері that Шо iron wire H, which is wrapped 
around the coils E, is in this case connocted 
in series with.tho coils D. he iron-wiro 
coils H, nro connected and wound, во as to 
havo Kttle or no self-induction, and boing 
«о added to tho resistance of the circuit F the 
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п sald figuro a motor is shown simi- | 
laria all respects to that abovo described, сх. | 


| 


aceslerated,whilo ia thoothercinéuit G it will 
bo retarded. The shield H may be made in 
many forms, as will bo understood, and used 
in differont ways, as appears from the forego- 
ing description. `1 do not, however, limit my- 
self to any specific form or arrangement 

‘What I claim is— 

1. In an alternatiog-corrent motor having 
two energizing circuits, the combination, with 

ће magnetic cores and coils of oneof tho cir- 

cuits,of interposed magnetic shieldsorscreons 
forretarding tho magnetization of said cores, 
as set forth. 

2. In an alternating-currant motor having 
two onergizing-cireuits, the combination, with 
the magaetie cores and the coils of one of tho 
cirenits wound thereon, of magnetic shields 
ог coils wound around said coils at right an- 
gles to their convolutions, as set forth. 

3. Io an alternating-current motor havin 
two onergizing-cireuits, the combination,wit 
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| the magnetic cores and the coilsof one of tho 


circuits which energize the said cores, of mag- 
nee shields forming closed magnetigeieuits 

ound the coils and interposed between the 
coils and cores, as set forth. 

4. In analternating-current motor having 
two energizing-cireuitsdetived from the samo . | 
source, Uto combination, with tho eorcs and (06:79 
coils of опо of tho circuits that cnergizes tho 
same, of insulated iron-wiro coils wonnd on 
^id onongizing-coils ab right апдоз to 
their convolutions and connected up in series 
with tho coils of the other energizing-circuit, 75 


аз set forth. 
NIKOLA TESLA. 
Witnesses: 


Rost. F. GAYLORD, 
PARKER W. PAGE 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. ¥., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 


ALTERNATING-CURRENT MOTOR. 


SPECIFICATION forming part of Lottors Patent Мо. 433,701, dated August 5, 1800. 


Боос ad Mese 26, 1800. Вены Me 349.359. 


To all whom it may concer 

Bo it known that J, NIKOLA TESLA, n sub- 
ject ot the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria- 
Hungary, residing at Now York, in tbe county 
nnd Stato of Now York, havo invented certain 
rew and useful Improvements in Alternuting- 
Current Motors, of which the following is a 
specification, reference being had to the draw- 
ings ассотраауйп and forming a part of tho 
өм 


‘his invention relates to that class of nitor- 
nating-«current motors in which the ield-mag- 
nets are energized by coils connected np in 
two circuits derived from the same sonrce 
amd, having ditfevent degrees of scll'induc- 
tion, whereby the currents in one circuit or 
branch are retarded more tban in the other, 
with the result of producing a progressive 

vance or rotation nf the points of maxi- 
muni magnetic effect in tho field that main. 
thing the »einnture in rotation. In motors of 
this kind T have employed, among other 
means, a self-induetion coil tn one circuit and 
n dend-resistance in the othor, о? I have si 
өгей the same result by the 
ter of tho winding of the two eirevits, and in 
still another instance T have so constructed 
tho motor that the retarded-current coils were 
nearly inclosed by itor, wltereby the self-in- 
duetion of пећ coils was very greatly in- 
creased. 

"Tho invention subject vf this application is 
an improvement on this Inst-named pla 

In cnrrying out the iuvention Г coust 
n fleld-maxnet having two sets of poles or in- 
ward eores and placed sido by 
sido, so ах practically torform two fields of 
force and alternately dispesed—that ія to 
say, with tlie poles of onoset or fiel opposite. 
the spaces between the ether. [then e 
neet the fraa ends vf one set of poles by mean 
of Inminated-iron bands or bridge-pieces of 
considerably smaller cross-section than. the 
coves themselves, whereby the cores will all 
form parts of complete magnetic circuits. 
When the eoils өп each set of magnets aro 
connected in multiple circuits or branches 
from п sourcent alternating currents, electro- 
motive forces aroset up in or Improsaed upon 
each cireuit simultaneously; but the colle on 


озады» 


the magnetically bridget or.shunted cores 

will have, by reason of the elosed magnetic 

circuits, n high self-induction, which rotards 

tho current, permitting at the beginning of 55 
each impulse but little current to paxs. On 

tho other haod, no such opposition being en- 
countered in the other set of coils, the cur- 
ront passes froely through theim, magnetizing 
tho poles on which they are топ, As soon, 
howover, as the laminated bridges become 
saturated and incapable of carrying all the 
ines of force, which the rising electro-motive 
force, and consequently increased current, 
produce, free poles nro developed nt the ends 
of thecores, which, acting in conjunction with 
tho others, produco rotation of the armaturo. 

‘Tho construction іп detail by which thi 
invention is illustrated is shown іп the accon- 
panying drawings. 

Figure 1 Ina view lo side clevation of a mo- 
tor embodying the invention. Fig. 2isavor- 
tical crow-section of the кате. 

‘A isthe framo of the motor, which is prefer 
ably built up of sheets of iron ролевой out 
to the desired shape nd bolted together with 
insulation of n proper charactor botween tho 
sheors. Whon complete, tho framo makos а 
ficld-magnet with inwanlly-projecting pole- 
piecos band С. To adapt them to tho re- 
quirements of this particular caso these polc- 
pieces are out of lino with one another, those 
inarked D surrounding one end of Ше arima- 
turo and (ho others, дз C, the opposite end, 
and they are disposed alterpatolj—thut is to 
злу, tho pole-picces of опо set occur in lino 
with thespaces brtwoon those of thy otber seta. 

‘The armature D isof cylindrical form, and 
is also laminated іп the usual way and is 
wound longitudinally with coils closed upon 
themselves ‘The pole-pieces C are connected 
or shunted by bridge-picees E. These may 
Ue made independently aud attached to the 
pole-pieces, or they шау bo parts of tho forms 
or blanks stampod or punched out of shoct- 
iron. Their эмо ог mass ig determined by 
various conditions, such аз tho strength of 
tho current to be omployod, the mass or sizo 
of the cores to which thoy aro appplied, and 
other well-understood conditions. 

Coils F surround tho pole-pieces B, and 
ст coils G aro wound on tho pole-pieees C. 
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These coils are connected im sories їп two 
circuits, which aro brachos of a circuit from a 
generator of alternating currents, and they 
thay be so wound, or tho respective circuits 
in which thoy aroincluded may besoarranged, 
that the circuit of coils С will havo inde 
pendently of the particnlarconstruction bero- 
in Gescribed a highor self-induction than the 
other circuit or braneh. 

‘The-tanction of tho shunts or bridges E is 
that thoy shall form with tho cores C acloscd 
magnetic circuit Гог а enrroat up to ж prede- 
termined strength, so that when saturated by 
such current and Unable to carry moro lines 
of force than such a current produces they 
will to no further apprecinble oxtent inter- 
fere with tho development by a strongor car- 
ront of free magnetic poles at the ends of tho 
cores С. : 

In such a motor the current is so retarded 
in the coils С and tho manifestation of tho 
freo magnetism in the poles C із delayed bo- 
yond the period of masimum magnetic effect. 
їо poles J} that a strong torquo is produced 
and the motor oporates with approximately 
the power developed in a motor of this kind 
energized by independently-gouerated cur- 
routs differing by a Cull-quartor phase. 

What I claim in thts application is 

1, In an altornating.current motor having 
two sets or series of pole-pieces, the combi- 
nation, withonc of such sets or series, of mag- 
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тее shunts or bridges connecting their freo 
‘ends, as herein eot forth. 

2. In ва alternating-current niotor haying 35 
two sets or series of pole-pieves energized by 
coils in independent circuits from. the samo 
Source, the combination, with one of tho sets 
or'series of pole-pieces, of magnetic shuntsor 
bridges connceting their (гео ends, ns do- 
seribed. 

3. In an alferonting-current motor having 
a laminated or subdivided fiold-magnet pro- 
vided with two nets or series of cores or pole- 
фїөсез, thocombination, with such pole-picces, 
of enorgizing-coils connocted, respoctivoly, in 
two circuits derived from the samo sourco of 
alternating earrónts and laminated ог sub- 
dividod iron shunts or bridges of smallet cross- 
section than the pole-piecea and joining tho 
free ends of all the cores or pole-pieces of ono 
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so 


ket to form closed magnetic circuits, as set 
forth, 
Taanaitornating-carrent motor, the com: 
ion, with a set or series of field-poles 55 
in- 


and energizing-coils wound thereon, of a 

termediate set of pole-picces forming port 

of closod magnetic circuits and coils thereon 

in acireuit derived from tho samo source of 

altornating currents as the bthor, as set forth. бо 
NIKOLA ‘TESLA. 


Witnesses: 
Ronr. F. GAYLORD, 
РАЛКЕВ W. PACE. 
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UNITED STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, М. У, 


ASSIGNOR TO THE TESLA ELECTRIC 


COMPANY, OF SAME PLACE. 


ELECTRICAL TRANSFORMER OR INDUCTION DEVICE. 


SPECIFICATION forming part of Letters Patent No. 433,702, dated August 5, 1890. 
Apulleatin Glad March 20, 1090. Seria) Na 36590. (евр 


То all whom it may concern: 
Bo it known that I, NIKOLA TESLA, a sub- 
jectof tho Emperor of Austria-Hungary, from 
Smiljan; Lika, border country of Aust 
Hungary, residing at New York, in the cou: 
aud State of New York, havo invented certain 
new and useful Improvements ін Electrical 
‘Transformers әс Induction Devices, of which 
the following is a specification, referenco be- 
ing had to the drawings accompanying and 
а part of the Same. 
‘his invention is an improvement in clec- 
trical transformers or converters, and has for 
its main objects the provision of means for so- 
curing, first, a phase difference botween the 
primary and secondary currents adapted to 
the operation of ту aiternating-cnrreat mo- 
tors and other liko purposes, and, second, а. 
constant current for alt loads imposed upon 
the secondary, 

In transformers as constructed now and 
heretofore it will be found that the electro- 
motive force of the secondary vory nearly co- 
cidos with that of the primary, being, how- 
ever, of opposite sign. At tho same timo the 
currents, both primary and secondary, lag l- 
hind their respective elestro-motive forces; 
but as this lag is practically or nearly the 
sumo in the case of cach it follows that the 
maximum aud minimum of the primary and 
secondary currents will nearly coincide, but 
differ in sign or direction, provided the sec 
ondary bo not loaded or if it contain devices 
having the property of selfinduction. Оп 
tho other hand, tho lag of thoprimary bohind 
the impressed electro-motive foreo may be-ti- 
ininished by loading ће secondary with a non- 
induetivo or dear resistanco—snch as inean 
descont lamps—whereby tho time interval be- 
tween the maximum or the minimum periods 
of tho primary and secondary currents is in- 
creased, "This time interval, howeror, is lim- 
ited, and the results obtained by phase dif- 
ferenco in the operation of snch devices as 
ту alternating-current motors can ouly bo 
approximately realized by sueh means of pro- 
ducing or securing this difference, as above 
indiented, for it is desirabloin such eases that 
thera should exist between tho primary and 
secondary currents, or those which, bowover 


sa through the two eireuits of the 
ferenco of phase of 
grees; or, in other words, the current in one 
that in th 
‘To mone perfeeth 
to this condition Т obtain or secure ai 
increased retardation of the secondary eur- 
rent in thefollowiog manner: Instead of bring- 
ing the primary and secondary coils or 
cuits of a transformer into tho elosest. possi- 
ble relations, as has hitherto been done, I pro- 
tet їп a measure the secondary from the in 
ductive action or effect uf the primary bys 
rounding either the primary or the s 
with a comparatively-thin inagnotic shie 
вогоси, Under these conditions or circum- 
stances, ns long as the primary curront has a 
small valuo, the shield protects tho secondary ; 
but ás soon as the primary current has rear! 
а certain strength, which is arbitrarily deter: 
mined, tho protecting maguetieshield beenmos 
saturated aud the inductive action upon the 
secondary bogins. Tt results therofore, that the 
second sry current ініне to flow at а certain 
fraction of a period later than it would without 
the interposod shield, and since this retarda 
tion may be obtained without necessarily re- 
tanding tho primary current also, an addi- 
tional Ing is secured, and the time interval Þr- 
tween tho maximum or minimum periods of 
the primary and secondary currents iw in- 
creased, 1 havo further discovered that such 
в trausformer may, by properly proportion- 
ing its several clements and dotorminiag in 
A manner well understood the proper relations 
tween tho primary and secondary windings, 
ho thieknessof the magnetic ісі, and other 
conditions. be constructed to yield a constant 
current at all loads. No precise rules can be 
given for tho specific construction and pro: 
portions for securing tho bast results, as this 
is а matter determined by experiment and 
calculation in particular cases; but the 
eral plan of construction which I havo do- 
scribed will bo found under all conditions to 
conduce to the attaininont of this rosult, 
In the accompanying drawings I have ill 
trated the construction above sot forth 
igure 1 is n eross-scetion of n transformer 
embodying my improvement. Fig. ¢ isa simi- 
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lar view of a modified form of transformer, 
showing diagrammatically the manner of 
using the same. 
AA is the 
composed of 
lated or oxidized iron wire. 
is wound the second 
latter is then covered with a layer or 
layers of annealed and insulated iron wires. 
С С, wound in а direction at right angles to 
said secondary coil, Over the whole is then 
wound the primary coi! or wire D D. From 
the nature of this construction it will soon 
be obvious that as long as the shield formed 
by the wires C is below magnetic saturation, 
the secondary coil or cirenit is effectually pro- 
tected or shickled from the inductive infin- 
once of the primary, although T would state 
that on open cirenit it may exhibit some elec- 
tro-motive force. When the strength of the 
primary reaches а eertain value, the shield C, 
becoming saturated, ceases to protect the see- 
ondary from inductive action, and current is 
in consequence developed therein. For simi: 
lar reasons, when tho primary current weak- 
ens, the weakening of the secondary is ro- 
tarded to the sane or approximately the same 
extent. 

‘Thespecitic construction of the transformer 
is Inrgoly immaterial, In Fig, 2, for exam 
ple, tio core A ік built up of thin insulated 
ron plates ог ү renit D 
is wound nest the core A. 
plied the shield C, whieh in thi 
up of thin strips or plates of iron properly 
insulated and surrounding thé primary, form- 
ing a closed magnetic cirenit. Tho secon- 

is wound over the shield С. In Fix. 
is n source of alternating or rapidly 
пд ештен. The primary of the trans- 

5 connected with the circuit of tho 
generator 

F isa two специ” alternating-curront mo- 


transformer, 
and insu- 
Upon this core 
t or coil B B. 


20 


25 


30 


ЕЗ 


433, 


702 


tor, one of the cisenits being connected with 
the main circuit from the sourco E, and the 
other being supplied with currents from tho 
secondary of the transforme: 

Having now described злу invention, what 
Iclaim i: 

1. In an eleetrical trarsformerorinduetion 
device, the combination, with the main mag- 
netic core and the primary and secondary 
coils or circuits, of a magnetic shield or sereen 
interposed between said coils, as herein, eot 
forth, 

In an electrical transformer or inductive 
device, the combination, with the magactic 
core and the primary and secondary coils or 
circuits, of a magnetic shield or screen sur- 
rounding one of said coils only, as set forth. 

3. In an electrical transformer or induction 
| device, the combination, with the magnetic 
‘core and the primary and secondary coils 
wound thereon, of a magnetic shield ог sereen 
wound on or built up around one only of said 
coils, as described. 

4. In an electrical transformer or induction. 
device, the combination, with a main lam 
nated magnetic core aud primary and second- 
ary coils thereon, of a subdivided or 1; 
mated magnetic shield or screen interposed 
between the coils, as set forth. 

In an electrical transformer, the combi: 
tion, with a magnetic core and primary 
41 secondary coils wound thereon, of a mag- 
netic shield or sereen interposed between 
said coils and surrounding one of them and 
adapted to be or capable of being magnetic: 

Пу saturated by a predetermined current. 
Strength below tho maximum in the primary. 
аз set forth 


NIKOLA TESLA. 


Witnesses: 
ROBT. F GAYLORD, 
PARKER W PACE 
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To all whom it may concern. 
Je it known that |, 
n peror uf An 
Lika, border country of Austria 
siding at Now York, in Ше county 
f Now York, have invented certain 
nel useful Improvemeuta in Electro-Mag- 
теце Motots,of which the following isa зресїй- 
ation, reference being had to the drawings nc- 
to compan) ing and forming part of the same. 
This invention ix an improvement in altor- 
nalinz-eurrent motors, and has for its general 
object to producen single-eirenit alternating- 
current torque-motor ef economical and si 
15 ple construction 
‘The nature of tho invention vill bo under 
stood from the following 
Tris well known thatitien 
if laminat  orsubdivided, be wound with an 
20 Insulated coil and a current of electricity di» 
rected through tho сой the magnetization of 
the entire core docs not immediately ensuo, 
the magnetizing effect. nut being exhibited in 
all partssimultaneousy This I attribute to 
2$ the fact that the action of the current is to 
energize first those lumina or parts of tho 
coro nearest the surface and adjacent to tho 
exciting-coil, and from thenee thoaction pro- 
xresses toward the interior. А certain inter- 
до val of time therefore elapses between the 
manifestation of magnetism in the external 
nud the internal sections or layers of the core. 
1f the core be thin or of small mass, this effect 
may be inappreeiablo; but case of а 
or even of ac ively thin 
une, if the number of alternation or rte of 
nye of the сш h -bo very, 
great the time i 
manifestations of m 
до of thy core and in those parts adja 
cull is more marked, and in the eonstructio 
of such apparatus As motors which 


Smiljan, 
8 Hungary 
and State 


now 


eure 
as currents generally 
and even necess s 
io this phenomenon and to make special pro- 
visions in order to obviate its consequences. 
‘The specific object of my present. 
зо totake advantage of thisaction or effect, a 


by rendering it more pronounced to ntitize it 
in the operation of motors in general, This 
object I attain by constructing а field-inagnet 
in whieh the parts of the core or cures That. 
exhibit at different intervals of timo the mag: $$ 
netic effect imparted to them by alternating 
or equivalent currents iu an energizing coil 
or coilsare so placed with relation to а rotat 
ing armature ns to exert thereon their attract- 
ive effect successively in Шо onder of thoir бо 
nctization. By this moans Г secure a 
similar result to that which I have heretofore 
attained iv other forms ог types of motor in 
which by means of one or inore alternating 
currents 1 have produced a rotation ог pro: 65 
gression of the maznetic poles or points ог 
maximum attraction of the field of forco. 
In tho drawings] havoshown a simplo forin 
of motor, which will serve to domonstrate thn 
principlo of the mode of operation, which 1 зо 
have above deseribed in general terms 
_ Figure 1 is a side elevation of such motor 
$ is a side clovation of a more pritctica 
ble лой efticiont embodiment of the invon. 
tion. Fig. 3 is а contral vertical section of 75 
the sime in the plano of the axis of rotation, 
= Referring to Fig. 1, lot X represent a lanzo 
нот’ coro, which may bo composed of 4 uum- 
bor of shoets or laminae of soft izan or steel, 
rounding this core із а сой Y, which ix во 
connected with a source E of rapldly-varying 
curronts. Let us consider now tho magnetic 
conditions oxisting in this coro at any point, 
as bat or near tho contor, and any other 
point, as а, nearor tho surface. Whenacur- 85 
rent-impulse is started in the magnetizing. 
coil Y, tho section or part at a, being close to 
the coil, is immediately energized, while the 
section or part at b, which, to ие а conven- 
ient expression, is “ protected by tho inter- o 
vening sections or layers between a and b, 
it once exhibit itsmaznetisis. How- 
ever, as the magnetization of « increases, f» 
becomes also affected. roaching finally its 
inum strength some timo later than а. 
роп the weaken Я 
ietization of а first diminishes, wh'lo b still 
exhibits its maximum strength; but tho con- 
tinued weakening of is attended by a sub- 
sequent weakening of b. Assuming the eur- too 
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vont to be an alternating ono, a will now be 
rovorsed, while Dstill continues of the frst-im- 
parted polarity. "his action continues the 
magnotie condition of b, following that of ain 
tho manner above described, If an arma- 
ture—for instanco, a simple disk F, mounted 
to rotato freely on an axis—bo brought into 
proximity to the саго, a movement of rota- 
tion will bà imparted 10 tho disk, the direc- 
tiou depending upon its position relatively to 
the eore, tho tendency being to turn tho por- 
tion of the disk nearest to tho coro from a to 
Зоде indicated in Fig. 1. hisaction or prin- 
"iple of operation I invo embodied in a prac 

n of motor, which is illustrated in 
iz. 2 Let Ain said figuro represent a cir- 
соат framo of iron, from diametrically-oppo- 
sits points of the intorior of which tho cores 
project, Each coreisconposedtof threo main 
parts B, D, and C, and they nre similarly 
formed with a straight portion or bpdy е, 
aronnd which the energiziug-coil js wound, а 

сей arm or extension е, and an Пиза 

ojecting polo or end i. Each core is mado 
up of two paris J3 D, with their polar exten- 
sions reaching in one direction and a part С 
between tho other two and with its polar cx- 
tension reaching in the opposito direction. 
In ondor to lessen in tho cores the eiveulation 
ot currents induced thorein, tho several sec- 
tions are insulated (тош one another in tho 
iunuor nsunlly followed in such cases. "heso 
cores aro wound with сои D, which aro con- 
nected in the same cirenit, eithor in parallel 
or series, cud supplied with an alternating or 
^ риат current, preferably tho former, by 
в genorator E, represented diagrammatically. 
Between tho corey ог their polar exteusions is 
mounted a eylibdrienl or similar armnturo 
F, wouud with magnetizinz-coils G, that aro 
closed upon themselves, as is usual in motors. 
of this general class. 

‘The operation of this motor is as follows: 
‘When a current impulse or alternation is dis 
rected through tho -coils D, the sections В J 
uf the cores, beingon tho surface and in close 
proximity to the coils, aro immediately спег- 
цілей. Tho sections C,ou tho othor band, are 
protected from the maguetizing influenco of 
the сой by tho interposed layers of iron В D. 
As tho magnetism of B B increases, however, 
the sections C aro also energized; at they do 
attain heic maximum strength until a 
сената time subsequent 10 thoexhibition by 
the sections L B of their masimum. Upon 
the weakeuing of the current the magnetic 

iminishes, while tho 
sections C have still thoir maximum strength; 
Vul ns В В continue to weaken Ше interioi 
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sections aro 


Пану weakonod. BB may 
then be 


egin to exhibit nn opposite polarity, 
which is followed later by a-similar change 
оз С, and this action continues. B Band С 
may thorefore bo considered asseparatofleld- 
magnets, being extended so as to nct on tho 
armaturo in tho most officiont positions, and 
the offect is similar to that in my other forms 
of motor—viz., a rotation or progression of 
tho maximum points of tho боја of forco, Auy 
armaturo—such, for instance, as л disk— 
mounted іп this fleld would rotate from the 
pole first to exhibit its magnetism to that 
which exhibits it later, 

It is ovident that the principle herein de- 
scribed may be carried out in conjunction 
with other means, such ns I have clsowhore 
sol forth, for securing a more favorable оғ 
efficient action of tho motor. For oxample, 
the polar extensions of tho sections C may be 
wound or surrounded by closod coils L, asin- 
dicatud by dotted lines in Fig.2. ‘Tho offect. 
of those coils will be to still moro effectively 
motard the magnetization of thé polar exten- 
sions of C. 

1 do uot wish to bo understood as limiti 
myself to any particular сол 
form of motor,as the samo principle of netion. 
or operation may be carried out in a great 
variety of forms. 

What I claim is— 

1. In’ an altervatin; vuntor. the 
combination, with an onergizing-coil and a. 
сого composed of two parts, опо protected 
from magnetization by Шо other interposed. 
betweon it and tho coil, of an armaturo 
mounted with tho influence of the felda of 
forco produced by said parts, as set forth. 

‘The combination, in an alternating-cur- 
rent motor, of a rotating armature, п fiold- 
magnot composed of a coil and a coro with 
two sections іп proximity to the coil and an 
inner section betwoen the same, the sections. 
being formed or provided with polar projec- 
tious extending in opposito directions over or 
around the armature, ns sot forth, 

3. Tho cumbipation, in an altornating-cur- 
ront motor, of a rotating armaturo, а framo 
und field-magnots thereon, each composed of 
ixing-coil wound around a coro mado 
up of outer and inner or protected magnetic 
sections, each of which 13 formed or provided 
with independent laterally extended polo 
pieces or projections, as herein described. 
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To all whom it may concern: 

Bo it known that 1, NIKOLA TESLA, а sub- 
Joct of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, ro- 

5 siding at New York. in tho county and Stato 
of New York, havo invented certain new and 
useful Improvements in Alternating-Corrent 
Machines, of which the following із n specifi- 
cation, reference being had to tho accompa- 

зо nying drawings. 

In the systems of distribution of electrical 
energy from alternating-enrrent genorators 
in present use tho generators give ordinarily 
{тот one tothreo hundred alteraations of enr- 

15 reut per second. 1 have recognized and dow- 
onstrated in practice that it їз of groat ad- 
vantage, on nany accounts, to employ in suck 
зумешь generators capable of producing a 
Very much greater number of alternations 

зо per socond—say fifteen thousand por second 
or главу тоге. То produco such a high rate 
of alternation, it is uecossary 10 construct а 
machine with а great number of poles or polar 
projections; but such construction, on this 

25 поста, in order to bo efficient, is ronderod 
dificult If an armaturo without pàlar pro- 
jections be used, it is not easy to obtain the 
necessary strength of field, mainly іп conso- 
quence of the comparatively great leakage of. 

зо the lines of force from pole to pole, If, on 
ry, Ah armatare.core formed or pro- 

th polar projnetions be employed, it 
is evident that а limit is soon reached’ at 
which the iron is not economically utilized 

35 being incapable of following withont consid- 

erablo loss the rapid reversals of polarity. 

‘Yo obviate these and other difficulties, I havo 

devised a forn of machine embodying th» 
following general features of construction 

I provide a field-magnet core made up of 
two independent parts formed with grooves 
for tho reception of ono or more energizing- 
coil. ‘Tho energizing coil, or coils, is com- 
pletoly surrounded by tho iron core, except 

45 On one side, where occurs the opening be- 
tween the polar faces of the core, which орео- 
ing is mado as narrow as the conditions of 
} machine will permit.” The polar faces of 
tho coroof tho field aronot smooth, but formed 

зо with a gront many projections or sorrations, 
tho points of which in ono sido or polar faco 
Aro preferably oxactly apposite those in the 
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other. Botween the faces so formed I mount 
ог support tho armaturo coil or coils and pro- 
vide eithor for rotating tho field-magnet or 
tho armature, or both, and I arrange the said. 
Armature-coil or conductor so that it will bo 
symunetrically disposed with respoct to tho 
field — that is to say,so that when ono portion 
of the conductor ‘is passing through the 
Strongest portion of tho feld the other por- 
tion, which forins tho return for the formor, 
is passing through the weakost points or 
parts of the 0010. Tho strongest points of 
{ho field, it will bo understond, are thoso bo- 
tween the projections or points оп the. pe 
faces, whilo tho weakest points lio midway 
betwoon ћеш. 
2, field-maguet, wbon constructod ns abovo 
described, produces, when the enorgiztng-coil 
is trav by а continuous current, л field 
of greatstrongth, and ono which may bo mado 
to vary greatly in intensity at points not far- 
ther distant from ono another than tbe oighth 
of ап inch. In a machine thus constructed 
there is comparatively little of that effect 
which is known as “magnetic leakage,” and. 
there is also but a slight armature reaction, 
Either tho armature-conductor or tho field: 
magnet may be stationary whilo the ther ro- 
tates, and as it is often desirable to unintain 
tho conductors stationary and to votato tho 
field-magnet I havo mado a special modifica 
tion of tho construction of the machino for 
this purpose, and with a view in such сазе of 
still further simplifying the machine and ren- 
doring it more easy to maintain in operation 
I arrange the armature-conductors and tho 
frame or supports therefor so as to support 
also a fixed сой or coils for energizing the r^- 
tating field magnet thns obviating tho om- 
ployment of all sliding contacts. 
In the accompanying drawings 1 have illus- 
trated the two typical forms of my machino 
above referred to. 
‘ого 1 isu vertical contral section of the 
tnaching, taken on lines х z of Fig. 2; and 

horizontal section on line y y of 
'he machine in these two figures is 
one in which tho arinature-conductor and tho 
field-coil aro stationary while tho ficld-mag- 
net сого rovolves. Fig. іа vortical central 
section of amachineombodying thosamo plan 
‘of construction, bnt havinga xtatlonary fold- 
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magnet and rotating armature. Vig. 4 is a 
diagram illustrating the peculiar configura- 
tion of the polar faces and the relatio:: of the 
armature conductor or conductors thereto. 


Ji, in which latter aro bushings C for Шо ro- 


tating shaft. ‘The conductor in which the 
rents are induced. may be constructed or 
arranged ін various ways; but I prefer to 


form it in the following manner: I ta 
annular plate of copper D and by me: 
Saw orother euttiug-tool cut in it radial slots 
from ono edge nearly through to the other, 
beginning alternately from opposite edges. 
In this way a eontintions zigzag conductor is 
formel, "To theinner ейде of this pla 
Sboured two rings of non-magnetic metal E, 
which are insulated from the copper con- 
ductor, but held firmly thereto, as by means 
of bolta F. Within tho rings E is then placed 
un annular coil G, which is the energizing- 
coil for tho Пой he conductor D 

oto aro supported 
by moans of the rical shell or casting 
AA, tho two parts of which are brought to- 
other and иро by bolts F” to the outer 
900 of tho conductor D. ‘The conductor D. 
is also insulated from tho shell А. 

‘Tho core for tho field-magnet is built up of 
two circular parts IL 10, formed with annular 
grooves 1, which, when tho two parts are 
brought together, form a spaco for Ше recep- 
tion of tho energizing-coil б. "Рио central 
parts or hubs of tho cores 1 If are trüed off, 
зо аз to fit closely against one another, while 
tho outer portions or flanges which form the 
polar faces JJ aro roducod somewhat in thick 
hess to make room for tho conductor D, and 
aro orrated on their faces or provided in апу 
other convenient way with polar projections, 
‘Tho two parts of tho соге Ш Ш aro mountod 
on and fixed to the shaft К, and aro bound 
together by bolts L. The numbor of serra- 
tions in the polar faces is arbitrary; but thoro 
must oxist between them and thé radial por- 
tions of the conductor D a cortain relation, 
which will bo understood by reforenco to Fig. 
4, in which N.N roprosent tho projections or 
points on ono, (ео of the coro of tho fleld, 
ава 5 5 the points of tho othor face. ‘The 
conductor D is shown in this figuro in soc- 
tion, а a’ designating the radial portions of 
the conductor, and D the insulating-divisions 
otwoon thesame. ‘The rolative width of tho 
parts а a’ and tho spaco between any two 
adjacent points N N or S S is such that when 
tho radial portions a of tho-conductor aro 
passing between tho opposito points М S, 
Whero the field is strongest, the intermediate 
radial portions а” aro passing through the 
widest spaces midway betweon such points 
and whero tho field is weakest. Sinco tho 
соға on опо side is of opposito polarity to tho 
part facing it, all tho points or projections of 
Опо polar fnco will bo of opposito polarity to 
thoso of tho other faco. z Hence, althor 
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space betweon any two adjacent points ou the 
same face may bo extremely small, thero will 
‘bo no leakage of the magnetic lines between 
any two points of tho same name; but the 
lines of force will pass across from one set of 
points to the other. ‘The construction -fol- 
lowed obviates to я great degreo tho distor- 
tion of the magnetic lines by the action of the 
current in the conductor D, in which it will 
be observed the current is flowing at any 
given timo from tho center toward tho po- 
riphery"in ono sotof radial parts qand in the 
opposite direction in:the adjacent parts a’. 

In order to connect tho energizing-coil G 
with a sourco of continuous current, I havo 
found it convenient to utilize two adjacent ra- 
dial portions of tho conductor D for connect- 

G with two bind- 
ing-posts М. For this purposo tho plato D is 
cut entirely through, ая shown, and thebrenk 
thus made is bridge over by a short con- 
Quetor c. 

At any convenient point tho plato D ве 
through to form two terminals d, which aro 
connected to binding-posts N. 

“Тһе core ITM, when rotated by the driving- 
pulley Р, genorates in tho conductors D an 
alternating current, which is taken off from 
tho binding -posts N. Tt will bo observed 
that from the nature of tho construction do- 
scribed this machino is capablo of producing, 
an alternating current of an enormously high 
rate of alternations. 

Whon it is dosired to rotato tho conductor 
between tho faces of a stationary ficld;mag 
net, I adopt the construction shown in 
“Tho conductor D in this caso is or may be 
made in substantially tho sumo manner ns 
похо described by slotting an annular con- 
ducting-plate and supporting it betweon two 
heads О, hold togethor by bolts o and fixed 
to tho driving-shaft К. "Tho innor edge of 
tho plate ог conductor D is proforably flanged 
to secure a firmer union botween it and tho 
heads О. It is insulated from said head. 
‘Tho field-magnet in this слаб consists of two 
annular parts И II, provided with annular 
grooves 1 for the recoption of tho coils. "Tho 
flanges or facos surrounding tho annular 
groove are brought togother, whilo tho.innar 
flanges aro sorrated, ав in Шо provious case, 
and form the polar faces. 'ho two parts И 
Ш aro formod with a base В. upon which tho 
machino rests, 

S S are non-magnetic bushings scoured or 
sot-in tho central opening of tho coros. 

"The conductor D is out entirely through at 
опо point to form torminals, feom which in- 
sulated conductors Т are led through tho 
shaft to collecting-rings У 

What I claim is— 

1. The combinatior, in an annular flold of 
forco {оттой by opposing polar faces with 
radial grooves or serrations and with ваја 
poles, of а connected sories of raillal couduct- 
ors so disposed with relation to tho serrations 
that while ono portion of tho radial conduct- 
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ors Is passing between the strongest parts of. 
the field, or the points where tho two poles 
most nearly approach, the adjacent or inter- 
mediate conductors pass through the 
weakest parts of the field, or the points whero 
the two poles are most remote, as sot forth. 

2. The combination, with a connected $e- 
ries of radial conductors forming аш annular. 
coil, of astatfonary two-part supporti 
clamped to and insulated from th 
ends of said conductors, a ring formed in two 
parts clamped to the ішпег ends of the same, 
эп energizing-coil contained in said ring, and 
а field.core mado in two parts and inclosing 
sid energizing-coil and presenting annular 
polar facea to the series of radial conductors, 
as described. 

3. Tho combination, with tho annular соп- 
Aucting-plato slotted to form a connected se- 
ries of radial conductors, a sectional support- 
ing-frame secured to and insulated from tho 
‘outer edge of tho slottod plato, а sectional 
ring secured to and insulated from. tho inner 
edgo of said plate, а hollow energizing-coil 
contained in said ring, and a field-coro com- 
posed of two parts bolted togetherand recessed 
to inclose theenergiaing-coil, eaid cores being 
mounted in a rotating shaft, as set forth. 

4. Tho combination, with’ two annular po- 
Jar faces of opposite magnetic polarity and 
formed with opposite points, projections, or 
serrations, of n conductor turaed back upor 
itself in substantially radial convolutions and 
mounted in theaunular field, whoroby a rota- 
tion of tho field or said conductor wili dovelop 
therein an alternating current, as set forth. 

5. "Tho combination, with a’ polar faco of 
given polarity formed with grooves or serra- 

tions, of а polar faceof opposite polarity with 
4o corresponding grooves oF serrations, the two 
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polar faces being placed with their groow 
opposite to each other, and a conductor or coil 
mónnted between said faces with tho capa-_ 
bility of movement across the lines of forco 

in a direction at right angles to that of tho 45 
grooves or serrations, as set forth. 

6. In a magneto-eleetrie machine, the com- 
bination of a sectional frame, а fiold-magnet 
core composed of two connected parts, п rotat- 
ing sbaft on which said coro is mounted, n so 
conductor in which currents aro to bo in- 
duced, tho convolutious of which are radially 
disposed betweon tho polar faces of the field- 
coro and secured to and supported by tho 
frame, und an evergizing-cail for the field- 55 
сого supported by the iuduced-current coil 
abd contained in an annular recess formed 
by grooves in tho faces of the two sections of 
the field-core. 

7. The combination, with opposing fiold- бо 
maguet polos formed with projections or sor- 
rations in thoir faces, the highest parte or 
prominences of one faco being opposite to 
thoso of the other, of a conductor the convo- 
lutions of which aro adapted to pass at right 65 
angles through tho magnetic linos between 
the opposing prominonces, as set forth. 

8. The combination, with a rotating fold- 
magnet coro having two opposing and aunu- 
lar polar faces with radial grooves or serra- 
tions therein systomatically disposed, so that 
tho highest parts or prominenecs of ono faco 
lie opposito to thoso of tho othor, of a station- 
ary conductor with radial convolutions and 
mounted between the polar faces, as sot forti 
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To all whom it may concern: 

Bo it known that 1, NIKOLA TESLA, a suh 
jeot of tho Emperor of Anstria, from Smiljan, 
Lika, hordercountry of Austria-lfungacy, and 

5 residing at Now York, in thevounty.and State 

Of New York, have invented certain new and 
useful Improvements in Electro-Magnetic Mo- 
tors, of which the following isa spreifieation, 
reference being had to the accompanying 
drawings. 

The subject of my present invention is an 
improvement primarily designed forapplica- 
tion to alternating -euyrent motors oL the 
special typo invented by me amd of which the 
operation is due to the notion of alternating 
currents differing in phase and directed 
through or developed in independent ener- 
gling-cireuits im Шо motor, and causing a 
Shitting or rotation of the magnetic poles or 
their vosulvant attraetivo forces upon the ro- 
tating element or armature, 

Ny improvements aro based npon certain 
laws governing the nction or effects prodneed 

y à condenser whon connected fo an electric 
cirsnit through which analternating orin gen- 
ега аа undulating current іх made to pass. 
Nouleot thesceffeets,and those most important. 
inconhcction with iny invention, areasfollows: 
First) if the terminals or platesofa condensor 
So connected with two points of a circuit, the 
potentials of whieh are made to rise and fall 
În rapid succession, the condenser allows the 
passage or, more strictly speaking, the trans- 
terrence of a current, although its plates or 
armatures may be so carefully insulated as to 
prevent almost completely tho passage of a 
cunent of unvarying strength or direction 

ndaf moderate elcetto-molive forco; seeond, 
FU a circuit the terminals of which аге con- 
nected with the plates of the condonser pos- 
sess a certain selCinduetion, the condenser 
will overcome or eounteraet to а greater or 
less degree, dependent up stood 
conditions, tht: effets of such sel i 
third, if two points of a closed or 

леве through which a rapidly 
falling current flows bo shunted or bridzed 

Dy а condenser, a variation in the strengch of 

the currents in the branches and also д dif- 
бо ferenec of phase ot the cunents therein ispro- 
duced. These effects I have utilized and ap- 
plied ina variety of ways in the construction 
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motor by 
ation and. 
ing пра condenser in series in onoot 
the circuits; bnt such applications seem to bo. 
obvious to one familiar with my motors and 
the facts above enumerated, 

My presentimprovemients, however, possess 
certain novel features of practical value and 
involve a knowiedge of facts less generally. 
known, ‘These improvements comprise the 
use of a condenser or condensors in connce- 
tion with the induced or armature Greuit of 
а motor and certain details of the constrac- 
tion of such motors. In an alternating-eui 
vent motor of the type to which I have par- 
ticularly referred above,orin any other which 
has an armaturo coil or cireuit closed upon 
itself, the latter represents mot only an in- 
ductive resistance, but one which is periodi- 
cally varying in value, both of which facts, 
complienteand render difficult phe attainment 
of the conditions best suited to, the most off 
ciont worki notors. “I'he most ef 
cient working conditions, in other words, re- 
quire, first, that for a given inductive fect 
upon the armature there should be the great- во 
ost possible current through the armatüró or 
inuuced coils, and, second, that there should 
always exist between the currents in (һо en- 
ergizing and the induced circuits a given re- 
lation of phase. Honce whatever tends to 
lecreaso the seli-induetion and ineroase the 
current in the induced circuits will, other 
things being equal, increase the output. and 
cfticiency of the motor, and the same will be 
truc of causes that operate to maintain the 
mutual attractive effect betweon the field- 
magnets and armature at its maxi 
secure these results by connecti 
induced eireuit orcircuitsa condenser, in the 
ianner hereinafter described, and 1 also, 
with this purpose іп: view, construe) the mo- 
tor in a special manner. 
to the drawings particular 
description of (ho invention, Figure 1 is n 
view, mainly diagrammatic, of an alternati 
current motor to which my present invent 
applied. Fig.? is a central section, in 
with the shaft, of a special form of armatur 
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core adapted to the invention. Fig. 3 is 


r séction of а modification of the same. 
ig. 4 is one of the sections of the core de- 
tached. 5 is a diagram showing a mod 
ttod disposition of armature or indueed ci 

5 cuits. 
The general plan of the invention fs illus- 
trated in Fig.l. A X in this figure repre- 


sent the frame and fiekl-mazucts of an alter- 

current motor, the projections 

nd C, form- 

ing independent energiaing-circuits connect- 

ed either lo thesameor toindependont sources 

of alternating currents, as із now well undor- 

stood, su that the currents flowing throuz 

4 the cirenits, respectively, will have n dife 

ence of phase. Within the influence of this 

, field is ап armature-core D, wound with coils 

Е, Iu my motors of this Пезегірміоп hereto- 

fore these coils have been closed upon them- 

зо solves, or connected in a closed series; bnt in 

tho present case cach evil or the connected 

seres of coils terminates in the opposite 

plates of a condenser F. For this purpose 

tho ends of the sories of coils are brought out 

25 through tho shaft to collceting-rings б, which 

avo connected to tho condenser by eontaet- 

brushes И and suitablo conductors, the con- 

denser being independent of the machine. 

‘The armatare-coils are wonnd or connected 

yo in such manner that adjacent coils produce 
opposite poles. 

"The action of this motor and the елесі of 
the plan followeil in its construction aro as 
follows: ‘The motor being started in opera- 

35 tion and the coils of tho fiekl-magnets being 
traversed by alternating currents, currents 
aro induced in the armature-cdtls by one set 
of fiekl-coils, as Jj, and tho poles thus estab- 
lished aro acted upon by the other sel, as C. 
‘The armature -voils, however, have necesa- 
ту a high self-induction, which opposes the 
flow of tho currents thns setup. The con- 
donser I’ not only permits ће passageor trans- 
forrence of these currents, but. also counter- 
4$ nets the effects of self-induction, and by а 
proper adjustment of the capacity of the con- 
„denser, the self-induetion of tho coils, and the 
periods of the currents the condenser may 
be mado to overcome entirely the effect of 
56 the solf-induction. 

It is preferable on account of {һе undesi 
lity of using sliding contacts of all kinds. 
to associato the condenser with the armature 

directly, or make it a partof the armature. 
55 In some cases I build up tho armature of an- 
nular plates К K, held Ву bolts f, between 
heads М, which aro secured to tle driving: 
shaft, and in the hollow spaco this formed I 
lace a condenser F, generally by winding the 
two insulated plates thereof spirally around 
the shaft. In other cases I utilize the plates 
of tho core itself as the plates of the con- 
donsor. For examplo, іш Figs. 3 and £ N is 
g-shaft, M М are Ше headx of the 

65 armaturo-coro, and КОК” the iron plates of 
which the core is built up, "Theso plates аге 
insulated from theshaft and from one: 
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relatively to tho ficld 
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and aro held together by rods ог lots T." The 
bolts pass through a large hole in one риме 

d a small hole in the one nest adjacent, 
il so on, connocting electrically all of plates 

me aruteo o£ а eondetiser, and nll of 
plates КУ us the other. 

‘To eitherof therondefisers abot 
the irinature-eoils may bo connceled, as ехе 75 
plained by reference to Fig. 1 

Та motors in which the arisature-coils are 
closed upon themselves—as, fur example, in 

form of allermalinz-current motor in 


келеа 


is in the position of minimum indue 
coils aro preferably connected in one series, 
and two points of the cirenit thus formed are 
bridgod by а condenser. ‘his is illustrated 
іш Fig. 5, in which E represents one set 
of armaturo- сойы and Е’ the other, Their 
points of union are joined through а con- 
denser F. И will be observed that in thin 
disposition the self -induction of the two 
branches E and K varios with their position 
пої, and that cach 
alternately thepredominatingsouree 
of tho induced current, ence the effect of 9g 
thecondonserl'istwofohl. First,itinerenses 

tho current in cach of the branches alter- 

nately, and, secondly, it alters the phraso of 

the cutrents in the branches, this being the 

Моле effet. which result» from such a 100 
disposition of a condenser with a circuit, ax 
above described, This effect is favorable to 
the proper working of tho motor, becanso it 
increases the flow of current in the armnturo- 
circuits duo to a given inductive effect, nod 195 
also because it brings more nearly into coin- 
cidence the maximum magnetic effects of the 
coucting field and armature-poles. 

It will: be understood, of course, that tho 
сайхех that eontributo to the efliciency of con- 
donsers whon applied to such uses as above 
must bo given due consideration in determin 
ing the practicability and efficiency of tho 
motors. Chief among these is, as is well 
known, the periodicity of the current, and 115 
hence the improvements which I have here- 
in described are more particularly adapted to 
systems in which a very high rateof alterna- 
tion or chango is maintained. 

Although из пуст ом has been illustrated 126 
herein in connection with д special form of 
motor, it will be understood that itis equally 
applicable to any other alternating-current 
motor in which thero іх a closed armature 

wherein the currents are induced by the. 
action of tho field, and, furthermore, J would. 
state that the feature of utilizing the plates 
or sections of a magnetic core for forming the 
condenser, I regard из applicable, generally, 
to other kinds of alternating-current арра. 
ratus. 5 

Having now described my ‘invention, what 
Iclaim is— 


as 
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nother, | 1. Inanalternstingzorrent motor, the com» 


bination, with the field-mzguets and energiz- 
ing-cirenit, of an armature-circuit and a соге 
adapted to be energized by currents induced 
in its eireuit by the currents in the field-eir- 
5 cuit, and condenser connected with thean 
ture-cireuit only, as set forth 
2, Tn nn alternating-eurrent motor, thocom- 
binatio nativre-coils in inductive ro- 
lation to the field and connected in a closed 
10 сивим, of a condenser bridging said circuit, 
8 Sel forth, 


»g-current motor, the com- 


renits formed by coils wound thereon 

15. different in tions to the fieid and 
с in a continuous or closed series, оГ a 
‘condenser the plates of which are connceted, 
respectively, 10 the janctions of the cireyils 
or coils as set forth 

zo 4 Inanalterngting-cucrent mator, the com 
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bination, with the induced energizing coil of 
coils of tho armature, of x condenser con- 
nected therowith and made a part of tho ar- 
mature or rotating element of the motor. 
Inanalternating-eurrent motor, thecom- 25 
bination, with an armature-core composed of 
insulated conducting-plates alteroately con 
nected to form a condenser, of an induced en- 
ergizing сой or coils wound thereon and con- 
nected to the plates or armatures of the said зо 
condenser. 

С. А magnetic core for alternating-current 
apparatus, composed of plates or soction 
sulated from each other and alternately con- 


nected to form the two parts or armatures of 35 
а condenser. 
NIKOLA TESLA. 
Witness 


Parker W Pace, 
FRANN В MURPHY, 
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NIKOLA TESLA, OF NEWYORK, М. Ү. 


ELECTRO-MAGNETIC MOTOR. 


SPECIFICATION forming past of Letters Patent No. 404,000, dated December 8,1891. 
Applicaton Sled Jaly 13, 2301. «Вена Ба. 399,922. ce воза 


To all whom it may concern: 

Bo it known that I NIKOLA TESLA, a sub- 
ject of the Ewperor of Austria, from Smiljan, 
Lika, border conntry of Austria-Hungary, re- 
siding at New York, in the county and Siate 
of New York, havo invented certain new and 
useful Improvements in Electro - Maguetic 
Motors, of which the following is a specifica- 
tion, reference being had to tho drawing ac- 
companying aud forming a part of the samo. 

‘Phe goneral object of my present invention 
is to secure artificially a difference of a quar- 
ter of a phase between tho currents in the 
two cnergizing-circnits of an alternating-cur- 
rent electro-magnetic motor of that general 
class invented by me, in whieh the action or 
operation is dependent upon the in in- 


i 
uctiv 
fluenco upon a rolatio armature of inde- 
pendent field magnets or coils exerted suc- 


Cessively and not simultanionsly. 
Tt is à well-known fact that if the Geld or 
energizing circuits of such a motor be both 
derived from the same source of alternating 
currents and a condenser of proper capacity 
be included in ono of tho same, approxi: 
mately the desired difforonce of phase may 
be obtained between tho currents flowin; 
rectly frum tho sourco and thoso flowing 
through tle condenser; but tie grentsizo and 
expenso of condensers for this purposo that 
would meet the requirements of tho ordinary 
systems of comparatively low potential are 
Practically prohibitory to their employment. 

Another now well-known method ог plan 
of securing a difference of phaso botweon tho 
energizing-currents of motors of this kind із 
to induco by the eurronts in опе circuit thoso 
in the otbor circuit orcireuits; but no moans 
havo heretofore been proposed tbat would se- 
curo in this way betweon the phasos of the 
primary or inducing and the secondary or in- 
duced currents that difforenco—theoretically 
ninety degrees—that is best adapted (ог prac- 
tical and economical working. 

I have devised a means which renders prac- 
tienblobotb thezbove-described plausormeth- 
ods, and by which Tam enabled to obtain an 
economical and efficient alternating-current 
motor, my invention consisting in placing 3 
condenser in tlie secondary or induced circuit. 
of the motor abovo described and raising the 
potential of the secondary currents to such a 


degree that the capacity of tho condense 
which is in part dependent on tho potential, 
need be quite small. "Tho valuo of this con: 
denser will be determined in а well-under- 
stood manner with referenco to thesolf-induc- 
tion and other conditions of the circuit, so ns 
to causo the currents which pass through it 
to differ from the primary currents ууа quar- 
ter-phase. 

‘The drawings n pattly-diagrammatie illus- 
tration of a motor ombodyinz my invention, 

Thave illustrated tho invention asombodied 
in a motor in which the inductivo relation of 
the primary and secondary circuits is secured 
by winding them inside the motor partly 
upon the same cores; but it will bo under- 
stood that the invention applies, genorally, to 
other forms of motor in which ono of tho еп. 
crgizing-currents is induced in any way from 
the other. 

Lot А В represent tho poles of an alternat- 
ing-current motor, of which C is tho arma. 
ture wound with coils D, closed upon thom- 
selvos, as is now tho general practico іп mo- 
tors of this kind. ‘Tho poles A, which alter- 
nate with poles B, are wound with coilsof or- 
divary or coarse wiro Е in such diroction as 
to mako them of alternate north and south 
polarity, as indicated in tho diagram by tho 
characters № S. Over Шезо coils orin other 

induetive relation to the same aro wound long 
fine-wire coils ¥ F and in the samo diroction 
throughout as tho coils E. "beso coils nro 
secondaries, in which currents of vory high 
potential aro induced. I profor to connect 
all tho coils E in ono series and all the soc- 
endaries F in another. 

Оп theintermediato polos В are wound fine 
wiro cnorgizing-coils С, which aro connooted 
in series with ono abother and also with tho 
series of secondary coils Г, tho direction of 
winding being such that а current-impulso 
induced from tho primary coils E imparts tho 95 
samo maguctism to tho poles D as that pro- 
duced in poles A by the primary impulso. 
‘This condition is indicated by the charactors 
N'S'. 

In the circuit formed by the two sets of со 
coils F aud G is introduced a condenser Н; 
otherwise thesaid circuit is closed upon itsolf, 
hilo the freo ends of tho circuit of colla Е 
are connected to a sourco of alternating cur- 
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rents. As Шо condenser capacity which is 
needed in any particular motor of this kind 
is dependent upon tho rato of altoraation or 
the potential, or both, its sizo or cost, as be- 
fore explained, may be brought within eco- 
nomical limits for use with the ordinary cir- 
cuits if the potential of the secondary circuit 
їп tho motor be snficiently high. Dy giving 
to the condonser propor values ‘any desired 
difforeace of phase betwoon tho primary and 
secondary evorgizing-cirenits may be ob- 
tained. 

What I olaim is— 

1, Та ап alteroating-current motor provided 
with two or more energizing or field eireuits, 
опо of which is adapted for councotion with 
п sone? of currents and the other or 


In inductivo rotation thoroto, tho combination, 
with the secondary ог induood circuit or oir- 
cuits, of acondensor interposed in the same, 
аз sot forth. 

©. Inanaltornating-current motor, thocom- 
bination of two energizing-cirenits, ono con- 
nected or adapted for connection witha source 
of alternatiog currents, the other constitut- 
ing а high-potential secondary circuit in in- 
ductive relation to the first, and a condenser 
jnterposed in said secondary cireult, па set 

forth. 


NIKOLA TESLA. 
Witnesses: 
Rost. F. GAYLORD, 
ERNEST HoPktuson. 
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SPECIFICATION forming part of Lettera Patent No. 511,010, dated January 2, 1804, 
Application Sled Avgeat 19,1603, arial Ko, 483,562, (He moll.) 


To all ићот it may concern: 

Boitknown that I, NIKOLA Testa, acitizen 
of the United States, residing at Now York,in 
the county and Stato of Now York, have in- 
vented certain now and useful Improvemonts 
in Electric Genorators, of which the follow- 
ing is в specification, referenco being. bad to 
the drawings accompanying and forming а 
part of tho same. 

In an application of even dato horewith, 
Serial No. 483,563, Ihave shown and described 
в form of ongine invented by mo, which, on- 
dor the intluonco of an applied force such as 
tho clastic tension of steam or a gas under 
prossuro, yields an oscillation of constant 
period. : 

Та odor that my prosoot iavontion may bo 
more readily undorstood I will oxplain the 
conditions which are to bo obseryed in order 
to secure this result, 

It is a well known mochanjcal principle 
that if a spring possessing а sensible inertia. 
bo brought under tension, as by boing 
strotebed, and thon freod, it will porform vi- 
rations which aro, isoohronons, and аз to 
period, in tho main; depoudent upon the ri- 
Eidity of thespring, and itsown inertia or that 
of tho system of which it may form an immo- 
dinto part, ‘his is known to be trao in all 
casos whero the force which tends to.bring the 
springor movablesystom intoa givon position 
is proportionate }о tho displacomont. 

fa tho construction of my engine above ro- 
forred toI havo followed and applied this 
prineiplo, that is to say, I employ a cylindor 
апа a piston which in any suitable waonor I 
maintain in ‘reciprocation by steun or gas 
under pressure, ‘To the moving piston or to 
the cylinder, in сазо tho latter reciprocate 
and tho piston romain stationary, a spui 
connected soas to bo maintained in vibration 
theroby, nnd whatover may bo tho inertia of. 
the piston or of (Шо moving systom and tho 
rigidity of tho spring relatively to each othor, 
provided, tho practical limits within which 
tho law holds truo that the forces which tend 
to bring the moving system ton given position 
aro proportionate to tho displacement, ‘dre not 
‘exceeded, tho impulses of tho power impollod 
piston aud the natural vibrations of thospring 
will always correspond in direction aad coin- 
сійоіп Шале. Inthoenseof theenginereferred 
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to,theportsaresoarrangod that themovoment 
of tho piston within tho eylinder in either di- 
rection ceases whon the force tonding to impol 
it and tho momentum which it hes acquired. 
are counterbalauced by tho inerousing pross- 
uro of tho steam or сотргозвой nir in that ond 
of thocylinder toward which itis moving, and 
аз in its movoment tho piston has shut oft at 
given point, the pressurethat impollod itand 
established the pressure that toudstoretarn it, 
it is then impolled іш tho opposito direction, 
and'this action is coptionod аз long as the 
requisite pressure is applied. Tho length of 
tho stroko will vary with tho pressure, but 
tho rate ог poriod of reciprocation is no moro 
dopondoat upon tho pressure applicd to drivo 
tho piston, than would be tho poriod of озей- 
lation of a pendulum pormanontly maintained 
in vibration, upon thoforoo which poriodically 
impels it,tho vffoctof variations in snch forco 
being moroly to produco corresponding varin- 
tions їп tho length of stroko or amplitudo of 
vibration respectively. 

In practico I bavo fouud that tho bost re- 
sults aro secured by tho omploymont of an 
air spring, that is, a body of confined air or 
gas which is compressed and raroficd by the 
movements of the piston, and іп order to 80- 
curo a spring.of constant rigidity I profer to 
‘employ а separato chambor or сућодог con- 
taining air at Шо normal atmospheric pross- 
ure, although it might bo at noy other press- 
uro, and in which works a pluogor connected 
with or carried by the piston rod. "l'ho maiu 
ronson why no engiue horotoforo has boon 
capable of producing results of this nature is 
that it has been customary to connect with 
the reciprocating parts а hoavy fly-wheel or 
somo equivalont rotary system of rolátivoly 
very great inertia, or in other casos whore по 
rotary systom was omployed,as in cortain ro- 
ciprocaling engines or tools, no regard has 
been paid to the obtainmontof tho conditions. 
easontial to tho ond which I bavo in vios, 
nor Would tho prossuro of euch conditions iu 
said devices appear to result іп any spocial 
advantage. 

Such ап engino as I havo described affords 
a means for accomplishing result beretoforo 
‘unattained, tho continued production of elec- 
trie currents of constant period, by impart- 
ing tho movements of tho piston Lo а core or 


55 


во 


64% 


ю 


15 


8o 


85 


9^ 


95 


100 


5 


зо 


8 


E 


35 


49 


45 


3° 


55 


в 


6% 


Р-142 


511016 


coil іп а magnetic feld. Ttshould be stated 
however, tbat іп applying tho engive for tbis 
purpose certain conditions are encountered 
which should bo taken into consideration ia 
ordor to satisfactorily secure the desired ro- 
sult, When a conductor is moved in a meg- 
netic fiold and a current caused to elrenla.o 
thorein, theelectro-magnotiereaction between 
it and tho field, might disturb the mechanical 
oscillation to such an extent as to throw 
‘outof isochronism. This, forinstanco, might 
occur when the electro-inagnotic reaction is 
vory great in comparison tothopoworof thoon- 
5106, and there isa rotardatioa of tha current 
во that tho olectro-magnetio ronction might 
Бато an effoct similar ro that which wouhl ro- 
sult from a varintion of tho tonsion of tho 
spring, but if the circuit of tho generator bo 
во adjusted that tho phases of.the oloctromo- 
tivo forco and current coincido ia timo, that 
Jo say, when tho current is not retarded, 
then tho generator driven by the engine acts 
tnerely as a frictional resistanco and will not, 
аз а rule, alter the poriod of the mechanical 
vibration, although it may vary ts amplitude. 
This condition шау bo, readily secured by 
properly proportiouiog tho solt induction and 
capacity of the circuit inctuding th gonora- 
tor. [ have, however, observed the, further 
fact in connection with the uso of Such on- 
gines аз a means for ruuniog a gonorator, 
tbat it is advantagoous that tho period of the 
engine and tho natural period of electrical 
ibrution of tho generator should bo tlio same, 
жа in such caso tbo best conditions (ог clectri- 
елі resonance aro established aud tho possi- 
bility of distusbiug tbe period of mechanical 
vibrations is reduced to a.rinimum. Ibavo 
found that oven if tho theoretical conditions 
necessary for maintaining a constant period ia 
tho engino itself aro not exactly maintained, 
still tho engine and gonorator combiued will 
vibratoat aconstant period. For example, if 
instead of using in the ongino an indepondent 
cylinder nnd plongor,usao nir springof prac- 
tically coustant rigidity, I causo tho piston to 
impiogo upon air cushions at tho ends of its 
own cylindor, although tho rigidity of such 
cushions or springs might bo considerably af- 
fected and varied by thovariationsof prossure 
within the cylinder, still by combining with 
such an engine a gonerator which has a poriod 
of its owu approximately that of tho ongine 
constant vibration may bo maintained even 
through п considerable rangoof varying press- 
uro, owing to the controlling action of tbo 
electro-magnetic system, 1 have oven found 
that under certain conditions the influence 
of the electro-maguotic system may bo mado 
50 great as to entirely control tho poriod of 
the mechantenl vibration within wide limits 
uf varying pressure. This is likely to ocour 
in those instances wbare the powcr of tboen- 
gino while. fully capablo of walstatning а 
Vibration once started, is not sufficiont to 
chango its rate. So, for tho зако of illustras 


tion, If a pendulum’ is started in vibration, | ports of any kind 


and а small forco applied periodically 
proper direction to maintain it in mot 
forco would bavo по substantial control over 
the period of the oscillation, 01035 tho in- 
өгіз of the pendulum: be small in comparison 
to thoimpelling forco, and this wonld bo truo 
по matter through what fraction of the period 
the force may оо appliod. 10 tho case under 
consideration the engine is merely an agent 
for maintaining tbo vibration onco started, 
Although it will bo understood that this 4003 
uot preclude the performance of useful work 
which would simply result in a shortening of 
thestroke. My invention, therefore, involves 
tho combination of a piston freo to recipro- 
ento шайог tho Influence of steam or a gas 
under pressnro aad (bo movnblo clemont of 
an cleotrio generator which is in direct mo- 
chanical connection ‘with tbe piston, and it 
is more ospecially tho object of my Invention 
to коспго from such combination electric сиг. 
rentsof aconstont period. In thoattaiomeat. 
of this object I havo found it preforablo to 
construot tho engine so that it of iteelt con- 
trols tho perlod,-but as I havo stated beforo, 
1 тау во modify the oloments of the combi- 
nation that tho olectro-maguotioeystoin may 
‘exert a partial ог evon completo control of 
tho poriod. 

In illustration of tho manner in which tho 
invention is carried out 1 now rofor to Шо 
accompanying drawings. 

Figuro 1 is a contral sectional view of an 
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i ing to Fig. 1 A is tho main eylindor 
in which works a piston B. Inlet ports СС 
through tho sides of the cyliuder opon- 
ing at thomiddlo portion thereof and on oppo- 
sitosldes. Exbaust ports D D extond through 
the walls of the cylinder nnd aro formed 
with branches that open into.tho lotorior of 
the cylinder on each sido of tho inlot ports 
апа on opposito sides of tho cyliniter. Tho 
piston B is formed with two circumferential 
grooves E F which communicato through 
oponings б in tho piston with the eyliador on 
opposito sides of said piston rospoctlvoly. 
"pho particular construction of the cylindor, 
tho piston and tho ports controlling it may 
bo very much varied, and lanot ín itself ma- 
torial, oxeopt that in tho special case now nn- 
der consideration it is desirable that all tho 
ports, and moro especially tho exhaust porta 
should bo mado very much largor than is ui 
ally Шо caso во that no forco dno to tho ac: 
tion of tho steam or compressod air will tond 
to retard or affect tho rotura of tho piston {a 125 
either direction. The pistor B is secured to 
в piston rod H whith works in suitable stuff- 
Ing boxes in tho heads of tho cylinder A. 
‘This rod is prolonged on ono sidonnd oxtonds 
through bearings V іп a cylinder I suitably 
mounted or supported in Нос with tho first, 
and within which is a disk or plunger J ear: 
Tied by the rod П. Tho eylinder I is without 
and is air-tight oxcopt вха 
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small leakage inay occur through tne voes- 
ings V, which experience has shown need 
not bo ‘fitted with апу very cobsiderable ac- 
curacy. Tho cylinder I is surrounded by a 
jacket K which leaves an opoo space or cham- 
ber around it. The bearings V in the cylin- 
dor 1, extond through the jackot К to the out- 
side air and tho chamber between the cylin- 
der and jacket is made steam or air-tight as 
tyasuitable packing. The main supply pipe 
I. for steam or compressed air to this 
chamber, aud the two pipes that lead to the 
cylinder A run from tho said chamber, oi! 
cops M being conveniently arranged to do- 
liver oil into the said pipesifor lubricating 
tho piston. In the particular form of engine 
shown, tho jacket K which contains thocylin- 
dor 118 provided with a flange N by which it 
іш acrowgd to the ond of the cylinder A. A 
amall chambor О is thus formed which bas air 
vents P in its sidos and drip pipes Q leading 
out from it through which the oil which col- 
lecta in it is carried off. 

To explain now tho oporation of the engine 
described, in tho position of tho parts show 
or when tho piston is at the middle point of 
ito stroke, tho plunger J is at tho center of 
tho cylinder I and tbe air on both sides of the 
‘samo is at the normal proesaro of tho outside 
atmosphore. If а sourco of steam ог coi- 
pressed air bo thon connected to tho inlot 
ports C C of tho eylindem A and a movement 
bo imparted to tho piston as by a sudden blo 
tho latter is caused to reciprocato in a man: 
пог well understood. ‘The movomonis of tho 
piston compress and rarofy tho nir in tho cyl- 
Inder I at opposito ends of tho samo altor- 
nately. А forward зігохе compresses tho air 
ahead of tho pluagor J which acts as a spriog 
to returnit, Similarly on tho back stroke tho 
air 18 compressed on tho opposite sido of tho 
plonger J and tendsto drivo it forward. ‘The 
‘compressions of tho air in tbe cylinder l'and 
the consequent loss of onorgy duo tnaibly to 
tho imperfect olasticity of tho air, give rise to 
а vory considerable amount of hoat. This 
heat Futilize by conducting the steam or com- 
pressed air to the engine cylinder through the 
chamber formed by tho jacket surrounding 
tho air-springeylinder. The heat thus taken 
up and tsed to” raiso tho temporaturo of Ње 
steam or air acting upon the piston isavailed 
of to increase the efficiency of the engine. „ In 
any given engino of this kind the normal 

ressure will produce а stroke of determined 
length, aud this wil] be increased or dimin- 
ished according to tho increase of pressuro 
abovo or the reduction of pressure below the 
normal - 

Та constructing th 


pparatus propor allow- 
anco is made for a variation in the length of 
stroke by giving to the confining cylinder I 
of tho nir spring properly doterm'ned dimen- 
sions. “Тһе greater the pressuro upon the 
piston, the bigher the degreo of compression. 
of tho air-spring, and tho consequent coun- 
teracting force upon the plunger The rato 


ог period of reciprocation of the piston, how 
ever, із 19 determined as described above 
by the rigidity of the air spring and the in- 
ertia of the moving system, and any period 
of oscillation within vory wide limits may be 
secured by properly portioning theso factors, 
as by varying the dimensions of the air cham: 
ber which is equivalent to varying the rig- 
idity of the spring, or by adjusting tbe woight 
ofthe moving parts. These conditions are 
all readily determinable, and an ongino con- 
‘structed as hereio described may be made to 
follow the principle of operation above stated 
and maintain a perfectly uniform period 
througb very wide limits of pressure. 

The pressure of theair confined in tho cyl- 
indor whon the plunger I is in its central 
sition will always be practically that of the 
Surrounding atmosphero, for while tho cylin- 
dor is so coustrncted аз not to permit such 
sudden escapo of air as to sensibly impair or 
modify the action of tho air epring thoro will 
still ba a.slow 1056250 of air into or out of It 
‘arowud the piston rod according to the press- 
uro therein, so that the pressure of the airon 
opposite sides of the plunger will always tond 
to remain at that of the outside atmosphere, 

To the piston rod Н is secured a conductor 
or coil of wiro D’ which by tho movements of 
tho piston із oscillated in Шо magnotic feld 
produced by two magoets D' ЈУ which шау 
bo pormanent magoets or onergizod by coils 
C’ C' connoeted with а sonreo of continuous 
currents E”. Tho movement of tho сой D’ 
Across tho lines of forco establishod by the 
magnets gives riso to alternating onrronts In 
the coil. Thoso currents, if tho period of 
mechanical oscillation bo constant will bo of 
constant poriod, and may bo utilized for any 
purpose desirod. 

In Ше case under consideration it is uS- 
sumed as a necessary condition that the in- 
ertia of the movable eloment of the genera. 
tor and tho olectro magnetic reaction which! 
it oxorts will not be of such character as to 
matorially disturb the action of the ongine, 

Fig. 2 is an examplo of л combination in 
which the engino is not of itself capablo of 
determining entirely the poriod of oscillation, 
but in which tho generator coutributes to this 
end. In this figure tho engico is the samo as 
in Fig. 1. The oxterior air spring is however 
omitted and th spaces at tho ends of the 
cylinder A relied оп for accomplishing the 
вате purpose. As the pressur in these 
spaces is liabie to variations from varia 

п the steam or gas usod in impelliog the 
тәй they might affect the poriod of oscillation, 
and tho conditions are not as stablo and cor- 
tain as in the caso of ап engine construetod 
asin Fig.l. Butif the natural poriod of vi- 
bration of the elastic system bo mado to ap- 
proximately accord with the avorago period 
of the engine such tendencies to variation 
are very largely overcome and the engine will 
preserve {ts period oven througk a consid, 
orablo rango of variations of pressure. The 
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generator in this caso із composed of a mag- 
netic casing F' іп which a iaminated core G^ 
secured to the piston rod H is caused to vi- 
brate. Surrounding the plunger aro two ох. 
citing coils С” C’, and ouo or more induced 
сойз Р” D^, Tho coils С” С' are connected. 
with a. generator of continuous currents E" 
and aro wound to produco consequent poles 
in tho cora С’. Any movoment of tho lattor 
will thoreforo shift tho lines of forco through 
coils Р” D' and produce currents therein. 

Та tho circuit of coils D’ is shown a con: 

/, It noed only bo said that by th 
propor condonsor the solf induction 
of this circuit may bo neutralized. Such a 
circuit will havo a сөгіліп natural period of 
vibration, that is to say that whon the eleo- 
tricity егіп із distarbod in any way an 
cioctrienl or electro-maggotic. vibration of a 
certain poriod takes place, and as this do- 
ponds upon tho eapacity aud solf induction, 
Such period may bo varied to approximately 
асзогӣ with tho poriod of tho ово. 

10 caso tho power of the engine bo come 
paratively small, as whon the pressure is ap- 
plied through a very small fraction of tho 
totnl stroke, the oleoirícal vibration will tond 
to control (he period, and it ts lear that it 
tho character of such vibration be not very 
widely different from the avorago period of 
vibration of tho engino under ordinary work- 
ing couditions such control may bo eotiro- 
ly adeqnato to prodaco tho desired results. 

ауіп; now doseribed my iavontion, what 
I claim is— 

1. Thocombination with tho piston or equiv- 
alont olemont of*an ongino which is froo to 
tociprocato under the action thoreon of steain 
ога gas under pressuro, of the moving con- 
ductor or oloxent of an oloctric gonerator in 
direct mechanical connection therowith. 

2, 'Thocombination with tho piston orequiv- 
alent element of ап engino which is froe to 
reciprocate under tho action of steam or a таз 


.under pressure, of the moving conductor or 45 
‘elemontof an electric generator in direct mo- 
chanical connection therewith, theongine and 
gonorator being adapted by their relative ad- 
justment with respect to period to produce 
‘currents of constant period, as sot forth, 

_ 3. Thecombination with na engine compris- 
ing a piston which is froo to reciprocate un- 
dor Шо action of steam ога gas undor pross- 
uro, aud an oloctric generator having induc- 
ing and induced cloments опе of which is ca- 
pablo of oseiliation in the ПОМ of force, tho 
said movable olemont being carried by tho 
Piston rod of the engino, as sot forth, 

4. The combination with an ongino opor- 
ated by steam ora gas under pressureand hav- 
ing а constant ропод of reciprocation, of an 
electric gonorator, tho moving clomont of 
which is carried by the reciprocating part of 
tho engino, the gonorator and its circuit be- 
ing so related to tho ongino with respect to 
tho poriod of olectrical vibration as not to 
disturb tho period of tho engine, as set forth. 

5. Tho combination with a cylinder nud a 
piston reciprocated by steam or а gas undor 
pressure of a spring maintaiood in vibration 
by the movomont of tho piston, and au clec- 
tric generator, tho movablo conductor or elo- 
ment of which is connected with tho piston, 
those cloments being constructod and adapt: 
эй in tho mannor set forth for producing а 
curret of constant period. 

6, Tho method of producing olotrio cur- 
rents of constant poriod berüin, described 
which consists in imparting tho oscillations 
of an engino to tho moving elorient of аа 010; 
trie goucrator and regulating Њо poriod of 
mechanical oscillation by an adjastmont of 
the reaction of tho electric generator, as horo- 


10 set forth. 
NIKOLA TESLA. 
Witnesses: 
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To all whom it may concern: 
Be it known that I, NIKOLA Testa, from 
SallJao, Lika, border coantry of Авија Нав. 
gary, aod residing lo tbe city, county, aad State 
у of New York, bavo lovented certain now aod 
usefal Improvements in the Transmission of 
Power, of нсі the following is a прес! сан оо, 
теГегессе bejog had to the drawings accom: 
paaplog and forming а part ofthe sume. 

This application is в division of an applica- 
Чоп fled by me October 12, 1887, No. 252,132. 

Tho practical solution of the problem of the 
electrical conversion and trausinisaion of me- 
chanical energy involves certain requirements 
which tho apparatas ad systems horetofore 
employed have oot been capable of falülling. 
Buch а solution primarily demands a uni- 
formity of speed із the motor irrespective.of| 
ta lond within fts normal worklog limite. Oa 
tho other band, it is necessary, to attalo а 
greater economy of conversion tha 
tofore oxisted, to constract cheaper 
rolinblo and simple apparatus, ва such tbat 
51 danger from tbe ово of carrents of high 
tevrion, which аге necessary to аа economical 
transmiasloo, may be avoided. 

My present invention 1з а new method or 
mode of effecting the traasialssion of power 
by olectrical agency, whereby many of the 
present objections aro overcome and great 
economy 20d eflicicocy secured. 

Та carrying cut my invention I ерріоу в 
motor in which there ато two or more inde. 
pendent ecergizing-circuits, through which І 
pass, іп (ће manner hereinafter described, al- 
(вољи ад слетели, effecting thereby a progres- 
sivo shiitiog of tbo magnetism or of tho “lines 
offorce, wbich,inuccozdanco with well-known: 
theories, produces tbe action of Ше motor. 

It is obvious thata proper progressive shift- 
ing of the lines of force may be utilized to set 
wp a movement or rotation of either element 
of the motor, thearmature,or tbe deld-magaet, 
and that if the curreats directed through the 
several circuits of tbe motor are in proper di- 
rection uo commutator for the taotor will be 
required; but to avoid all the usual commu- 
tatiog appliances in the system I conect the 
motor-cirevíts directly with those of asaitable 
so alternating-current generctor. Tho practical 

zestüls of cuch а cystem, its economical айтас" 


о 


5 


20 


E 


3 


35 


45 


SPECIFICATION forming рал of Lettera Patent Мо. 382,200, dated May 1, 1888. 


ја Gied October 13,1887. Serial No. ла, Divided and the application Mies Mareh a, Не, Serial Ке. 
pow 


m 


tages, nnd the modo of its constraclón and 
operation will be described more in detail by 
reference to tbt accompanying diagrams and 
drawings. 


Figures! to 8 avd 1* to 8% inclusive, are dia. 25 


grams illustrating tho principle of tho action 
Of my invention." The гениц|об брогез aro 
views of the apparatus {а various forie by 
means of which the invention my be carrled 
into effect, avd which will be described in thelr 
order, > 

Referring Gest to Fig, 9, which is а dio. 
grammatic ropreseptauou of a motor, a gon- 
erator, and coonecting.ciroolto In accordance 
with my: invention, M 18 (be motor, and б 
the genorator.for driving ít. ‘The motor com- 
prises a гіш or quoulus, R, preferably Моћ 
пр of tiia Insulated iron ringa or annolar 
plates, so as to be as susceptible as possible to 
‘variations ia ita magnetic conditiov.: Thisring 
is surrounded by four сойо of iosoloted wire 
aymuctrically placed und desigonted by CCO 
©. Tho diametrically-opposito сойв are con- 
nected upsoas to co operate in pairs in produc: 
ing freo poles oa diametrically-opposite parts 
of the rlog. The four free oads thus left are 
Connected to terminals T T T T, as indicated. 
Near tho ring, aod preferably insido of 
there ia mónnted on an axis огвЬа з ma: 
netic disk, O, generally clzeolar in sbape, bat 
baving two водтосаја, out ожау 83 680%: 
‘This disk is mounted so asto tara freely with: 
the riog В. Tho geperator 0 is of any ordi- 
тағу type, that shown in the present instance. 
having Geld-migaets N Sand acylindrical аг. 
wmatare-core, А, wound with tho two coils B 
В. The {сео бой of each coll are carried 
throogh the sbaft a’ and connected, respeot- 
ively, to fasalated contact-rings 92/0. Any 
convesient form of collector or brush beara on 
each ring and forms а terminal by which Шо 
carrent to and (rom a ring isconveyed. These 
termivals aro counoctod to the terminals of tho 
motor Бу зе wires Land 1/ in the manver ii 
Gicated, whereby two complete circuits аге 
formed, one iociading, вау, she 0013 B of tho 
generator and C 0 of.the motor and tbe otber 
the remaluing coils B’ acd С С of the gen: 
erator and the motor. 

10 reales now to explain the mode of op- 
eration of this «jeter, and for this purpose T 
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refer to the diograon 


Figs 1 to Sand le toS, 
for an il 


iion of the varions phases 
througb which the coils of the generator pass 
whew in operation, and the corresponding and 
5 resultant, magnetie ebaoges prodwced in the 
motor. ‘Fine revolution of the armature of the 
generator between the field magnets N S ob- 
vlously produces {а the coils Bis alternating 
currents the inteusity ond direction of w! 
to depend upon well-known Jaws, Ja tbo posi 
tlon of tho coils Indicated in Fig. 1 the current. 
їп tbe coil B is practically mil, whereas tho 
coil L' at the same time is developing its 
maximum еш rent, and by the means Indicated 
t$ in the description ot Fig. 9 the circult ioclod- 
ing this coll may also lucluile, азу, the едік С 
Cof tho motor, Fig. 1°. The result, with tho 
proper coogections, would be the magnetiza- 
tion of tho ring 1t, the poles befng оп the lioe. 
Te NS. The samo order of connections belog 
observed between Ше coll В and the coil С, 
the latter when traversed by a enrrent tend to 
бк the poles at right angles to the line N S of 
Fig. 1°. It results, therefore, that when the 
“a5 generator-colls Lave made оле-е ілі of a re- 
volution, reaching the position sbown ја Fig. 
2, both pairs of coils, C and С, will be tra 
ersed by current and act 1n opposition in so 
far ал the location of the poles із concerocd. 
30 Tho position of the poles will therefore be the 
roaultant ofthe mogoetizing forcesof the сойз— 
that is to say, it will advance aloug the ring to 
а position corresponding to one-eighth of the 
revolation of the armaturo of tbe generator. 
In Fig. tbe armatare of the geverntor bas 
progressed to one-fourth of a revolation. At 
the point Indicated tbe carreot io the coil В 
is maximum, while in B’ it is siZ the latter 
oll belug Jo its neotrol. position. " The poles 
40 of the ring R tu Fig.'3* will io consequeaco bo 
пада to à position plucty degrees from that 
at the start, оз shown. 1 haveia li 
shown the conditions oxisting 
alvo eighth of ono rovolation in the remainin; 
45 figures. A ebort refereuco to these Bgores will 
У aufüto to во understanding of thelr сіксій- 
[^ 


35 


4 and 4* iltostrate tho conditious which 
exist when tbe generator-armalure Ваз com- 
leled three-eighths of a revolotion. Hero 
oth coils arc generating currents; but tho coil 
X, baviog now eatered tho opposite Seld, із 
'enerating a current in the opposite direction 
faving the opposite Бартон ect; Везе 
55 tho resultant pole will бе on the line X Я. as 
shown. 

Tn Fig. о one-half óf one revolution of the 
armature of the generator bas been completed, 
ond (ће resulting magnetic condition of the 

бо ring is shown In Fig. 5". Тов phase сой В 
ја Їп Ube вета] position, while coil D' is gen- 
eratiog {ts mazimom curreut, which is In the 
sumo direction аз in Fig. & The poles will 
consequently be zhlied tbrough опо half of 

6s the ring. 

Та Fig. 6 the uswaure bas completed fye- 
aighths of a revolution. Tn thls position сой 


зо 


I develops а leas powerful enrrent, bot la the 
same direction as before. The сой В, on the 


other Band, having entered a Пеја of opposite 
polarity, generates а current vf opposite di- 
rection.) Viercforc bo 


ће resultant pois w 
Tu the line X S, Fix. 

the potes of the 
eighths of ite periphery- 

Figs. 7 gud 7° Јо the каше mam 
the phases of the geverator and ring 
quarters nf а rerojution, and Figs. $ 

ghibs ofa revolut 
are. "These Пулия will be 

из tho foregoing, 

Whena complete revolution Isuccomplished, 
the conditions existing at tho start 220 ге 
tablished, and the Rame action ia repeuted for 
tbe next and all subsequeut revolutions, and ht 
general it will now be scen that every revoln- 
lon of the armature of the generator produces 
а corresponding shifting of the poles or lues 
of force aroun! the ring. This effect I utilize 
in producing the rotation of a body or ааа 
ture In a variety ef weays—for example, apply” 
fng tho principleabove described to the appa- 
ratas shown in Fig. 9. The disk D, owing to 
its tendeney to assumo that position іш wbich 
it embraces the greatest possible nnmiber of the 
magnetic lines, is бей In rotation, following tho 
motion of the lines or the points of greatest 
attracti 

‘Toe disk D in Vig. 91s shown ns cnt away 
ов opposite sides; but this 1 have found 18 rot 
essentinl to effecting its rotation, па о elreular 
disk, as ludieoted by dotted lines, fs also bet 
io rotation, ‘This phenomenon Г nttribate to 
а certain inertia or resistance inherent la the 
metal to the rapid shifting of the lines of force 
tbrough the same, which resulta iu a coutinu- 
ова tangential рой npon the disk, causing іш 
rotation. This seems to be confirmed by the 
fact hota circular disk, of steel ін more effect- 
ively rotated than one of soft Iron, fur tbo req: 
боз that the former: Је assumed to рома a 
greater resistance to the shifting.of tbo mag- 
вене lines. 

Та illastration of other torms of apparatus 
by means of which I carry out шу Invention, 
Тай now describe the rennloing tigurea of 
tho drawings. 

Fig. 10 is a view In clovation anu part ver- 
Мез] section ofa motor. Fig. 12 isa top view 
of the same with the eld iu section aud о 
diagram of connections. Fig. 11 іл ші eud or 
side view of a génerator with the Педа in sec- 
tion. This forin of motor may be usedio place 
of that shown, 

D isn cyliodrical or drum arinature:core, 
which, for obvious reasons, abonld be aplit up 
as far аз practicable to proventthe elreulation 
witbio it of enrrents of Induction, The core 
is wound longitudinally with two сойз, Band 
Е, the cuds of which are respectively, сопе 
nected to Lisulated contact-rlugs d d 2 d, сас» 
ried by thosbatt а, проп which the armatare 
15 monuled. 

‘The arinature 1з te^ to revolve within аф 
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fron вей), R, which constitates the field-rmag- 
nw or other element of the motor.” Thissbell 
ia preferably foraied with a slot or opening, ғу 
dat it may bo continnous, ns shown by the 
dotted lines, and іп this oveot itis preferably 
wade of steel. 1018 also desirable that this 
sbe!l should be divided up similarly to the 
armature,and for similar reasons. As a ge 
erator for driving tbis motor, I шеу uso the 
device abown із Fig..ll. This represents оз 
sonuler or ziog armature, A, surrounded by 
four coils, F F F' Ғ,о/ which’ (ово diamei- 
певћу opposite are connected in series, so 
that four freo ends aro left, which are соп. 
nected to the insulated contact-rings b b Yb’. 
‘Tho ring is saitably mounted ona shaft, a’, 
between the poles N 8. ‘Tho contact-rings of 
cach pair of generator coils are connected to 
those of the motor, respectively, by means of 
contact-brashes and the two pair of conduct. 
ore, L L and 17 Ш, as indicated diagrammat- 
feally ia Fig. 13. 

Коя, it la obvious from a: consideration of 
the precoding figares that tho rotation of tho 
зу generator-ring produces corrents іо the cpila 

Р, whlch, belog travsmitted to the motor- 
collsimpart to tho coro of the latter magnetic 
poles constantly shifting or whirtlog around 

сёге. This effect sets up a rotation of the 

‘are, owiug totbesttracclve force between 
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are 
Шо shell aod tào poles of the armature; but 
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Josamuch аз the coils іп (hio'case move rel 
Uvely to the obell or Seld-magnet the mov 
ment of tho coila із fn the opposito direction 
to the progressive shifting of tbe poles. 

Other arrangements of the colla of both gen- 
orator вой motor aro possible, пой a greater 
namber of circolts may be used, ns will be 
gon In the two succeeding figares. 

Fig. 1518 a diagrammatic fllnaizatioo of в. 
motor and n gouerstor connected and’ con- 
stracted in accordance with my invention. 
Fig. 14 is ао ecd view of the gevorator with 
ita feld-magoeta in section. 

‘The field of the motor M is produced by six 
rangoctic poles, G'G’, васаге to or projecting 
from а гіш or (тше, H. “Тһе magnets. 
polos aro wound with 103012464 .coila, those 
didmetrlcally oppositoto each other being con- 
go nected in paíre,so ns to prodace op posite poles 

in each pair. "Thlalenves six [reo enda, which 

эго connected to the terminals PTT T T^ Т". 

Tho atmatnre which is mounted to rotate be- 

(со the poles іза cylinder ог dist, D, of 
55 wrought-iron, mounted on the shafta. Two 

segmenta of the same are cat away, та shown, 

‘The generator for this motor has io this іш: 

stance an armatare, A, wound with three 

colls, К K’ Е", at sixty degrees apart. The 
бо ends of these coils are connected, respectively, 
to insulated contact rigs e e 22 267. These 
rlogs аге connected to (ое of the motor іа 
proper order by means of collecting-brusbes 
tod six wires, forming three independent cir- 
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motor produco a eteadily-progrezsive shifting 
of tbe resultant atractivo force exerted by the 
poles G' upon thé armaturo D, and conso- 
quently keep the armature rapidly rotating. 
"Tbe peculiar advantage of this disposition 18 
Зв oblalaing a moro concentrated and power- 
fol Beld.- "Tbe application of this principle to 
syatems Involving maltiple circuits generally 
will be understood from this apparatus. 
7 Referring uow to Figs. 15 and 13, Fig. 15 is 
a diagrammatic representation of в modified 
disposition of my invention. Fig. 10 js abori- 
‘zontal cross-section of themotor. In this саво 
а disk, D, of inaguetic metal, preferably cut 
away at opposito edges, as shown in Uotted 
Пос io the Sgure, із mounted so as to tura 
{realy tosido two stationary coils, N’ N“, placed 
at right angles to one another. "The coils are 
preforably wound on a frame, О, of fosolctiog 
material, and their ends aro counected totho 
fixed terminals T TT T.. Tho generator Gis 
ot tbat class of омега ов 
ея in which a stationary in. 
duced element is employed. Thatshow coo- 
alsts of a revolving permanent or electro-mag- 
net, A, and foar independent stationary mag. 
nets, P Р, wound with coils, (сво diamet- 
rically opposite to cach other bolag copnected 
In'sories 200 baying their ends зосогей to tho 
termioalatt? f. From theso tefmibals tho 
currenta are led tò tho terminals of the motor, 
ss shown in tho growings. > Tho mode of op- 
oration Ia substantially thoeame os [n the pro- 
„vions cascs, the/ curreuta traversing tho coils 
of the motor having the effect to tarn thé disk 
р, Тын modo èf carrying out the igvovtlon 
has the edvantage of diapenaing нъ вова 
ing созе in есуден 
о the forms of motor above deseribod өшу 
озо of tho elementa--the ormature or tho feld- 
megue!—is provided with onergizing-coils,. It 
remaius, tben, to'show iow both elements may 
be wound with coils, . Referenco [s therefore 
had to Figs. 17, 18, and 19. Fig. 17 is an ecd 
view of. sach a motor. Fig. is a similar 
view of the generator, with tho Sold-magaeto 
in section; aod Fig. 19 is c diagram of tho elr- 
enit-counections. o Fig. 17 pho deld-magaet 
of the motor consists of а под, E, preferabl 
f thin icsulated iron sheets or band, with 
eight pole-pieces, О, aod corresponding re- 
cesses іо which four pairs of соба, V, uro 
холод. ‘The diametrically-opposite pairs of 
colle are conaected in serics and the froo ends 
connected to four terminale, w, the ralo to bo 
followed in connecting being the samo 25 here- 
iobeforeoxplaisod, Ansrmstare,D,with two 
coils, E Е, at right angles to each other, ів 
100010010 rotate ioskle of tho feld-maguct 
X.- The eads of the armatore-coils are con- 
"nécted 10 two pairs of contact-ringy, d d d' d 
‘The generator for thie ‘motor may be of any 
suitable kind to produes currents of the de- 
ігей character. In tho present instance it 
consists of a Бей-тарсеу N B, oud оп armi 
tore; A, with two coils at right angles, the 


{еге cireaits. and trarerzing the ocila of Ше! ends of which sre cooncoted to four contact 
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rings, dd У, carried ву its shat ‘Tho cir- 
cuitconnections sre established between tbe. 
rings on tbe goacrator-sbaft and those оп the 
mgtor-ssaft hy ecllecting brosbeo and wires, as 
previously explained, In order to properly 
energize the field-magnet of the motor, bow- 
ever, the convections are' to made withthe 
armstare-coils by. wires leading thereto toat 
while the points af greatest attraction or гелі», 
cst deusity.of muguctic iines of force upon the 
Arwatore are sbifted in vne direction those 
npon tho fleld-magnet are wade to progressin- 
пи opposite direction. Io other respects tho 
operation is identically the tame os jo the 
otber enses cited. "This arrangement results 
За an increased speed of rotation. 

In Fie. 17 aud 19, for exemple,thetermianls 
of each set of figld.cails are counected with the 
Wiren to the two armatoro-colla іп sacha way 
that the fleld-coils will maintain opposite poles 
dn advance of the poles of the armatore. 

То the drawings the field-colls are lo sboota. 
to the armature; but they may be 10 series ог 
in independent circoits, 

Tt is obvious that the samo prisciple шау 
be applled to tho various typical foris of mo- 
tor heretubeforo described. 

Tlaviog now described tho natare of my $o- 
yeution and some of the varlons ways la which 
it is or way ђе carried foto effect, T would cail 
attention to certain characteristics which ibe 
applications Uf the fuventioa possess, nod the 
advantages which it offora, 

Та wy motor; considering, forconvenlence, 
thane represented La Fig. 9, it will be observed 
hat stace the disk D bas a tendency to follow 
селНововају the points of greatest attraction, 
and since these points are shifted aroond the 
ing once for each revolution of the armatore 
of the generator, it follows tbat the move- 
ment of tho disk D will Ge synebronocs with 
that cf the armoture A. This feature by 

ructical demonstration I have found to ex- 
fete ап other forms in wbich one revolution 
of the armatore of the gecerator preduces a 
shining of tbe poles of the motor through 
three Боодгей aod sixty degrees. 

Ta the particalar modidcation showa in Fig. 
18, ог fn othere constructed on a similar plau, 
the nomber of alteronting impulses resulting 
from one revolution of tbe generator-armature 
is doublo па compared with the preceding 
cases, uod the polarities іш the motor еге 
sbifed ground twice by опе revolation of the 
generntorarmataro. ‘Tho speed of the motor 
will therefore be twico ibat of the generator. 
Thosame result is evidently obtstecd by such. 
а ајврсе! ор аа tuut showa io Pig. 17, whero 
the poles of both elements nre shifted {0 op- 
posite direetions. | 


"А gain considering the apparatus iflustrated 
by Big. Das typical of tho loventlon, W 130b- 
‘lows tiat sInco the attractive efect upon tho 
disk Dis greatent whea tbe diek [pin ite proper 
relative posltion to the poles defeloped ia the 
нор R—that is to nay, when its ends or poles 
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speed of the motor for sil loads withiu the 
normal working litalte of the molor wil be 
practically coostant. 

It is clearly apparent that the speed ean 
never exceed the arbitrary limitas determiued 
by the generator, aod also that within certain 
limits, at teasty the speed of the motor will be 
independent of (ше strength of the current. 

It wili now bo more readily веса from the 
above description bow far the requirements of 
з practical syster of electrical traoamissioo 
of power aro realized іо my invention. Ise 
core, first, а uniform speed ander all loadw 
witbio the normal working limits of tbe no- 
tor witbout tho use of ay aozilinry regula 
tor; second, synchrovism between the motor 
and the generator; third, greater efficiency by 
the more direct application of the current, vo 
commiutatiog devices belng required on cither 
the motor or the geoerator; fourth, cheppoess 
and snnplicity of mecbauieal construction; 
БАБ, the capability of befog very ensily man- 
aged or controlled, aud, sixtb, diminution of 
enger from іт)агу to persons ond apparatns, 

‘These motors may be ron fa seris molti: 
ple жге er multiple sericr auger covditious 
wel waderstood by those Шей Ia the art, 

Tamawarothat lt is uot pew to prodges бе 
rotations of a motor by Interwittently shining 
the poles of ove of Из слетела. "Tid has beo” 
dove by pasting throogh iudcpendent ener 
gizlog-cotis on que of the clemevts the cur- 
Fent from в battery or other sonrce of direct 
ог continuous currents, roversing auch eur. 
rent by suitable mechanical appliances, зо that 
it is directed throngh the сойз 10 әнегішеіу 
opposite directions. In poeb cases, ho кетет, 
We potential of the energizing. currents ro- 
moins the same, their direction only being 
changed. , According to my inventiou, bow- 
ever, I employ trt quis қ Sarre and 
my Javeation consiste іп the discovery of the 
mode or method of utilizing such currents, 

‘The diference between tbe two plans and 
the adrontages of mine are obvious. By pro- 
ducing ао alteroating current each ішраізе 
of whicb involves п rise avd fali of potootial 
T reprodace ia the motor tbe exact conditions 
of the generator, and by euch carreata nad tòa 
consequent production of resuhant polea the 
progression of the poles will be continuous 
and not intermittent. Io addition to this,the 
practical difüculty of foterraptibg or rovere. 
Ing corren: of noy considerable strength ін 
neh that зове of the devices nt present could 
be made to economicallyor. practically effect 
the transmission of power by reverafog fa the 
шазпег described з cootingons ог, тес car- 
rent. Jasofar,thon,na tho plan of acting spor 
опе cleinent of the 2010г іо concernél, my in- 
vention involves the usa of an aller zatiog us 
distiognished from a roversod corrent,or a cur- 
rent which, while continuons and direct; је 
shifted frou coil to coil by any form of com- 
mutator, reverser, or interrupter. "Wilh ro- 


| gard to that part of the iuvention wbich con- 


tista a acting apon both elearata of the motor 
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simaltaneously, I regard tho пзе of elther al- 
terauting or reversed currents 25 within the 
scope of the invention, although I do notcon- 
alder the use of reversed currents of вру prac- 
5 tical importance. 
What І claim is— 
Tho method herein described of electrically 
trausmiltting power, which consists іп produc- 
ag а continuously: progressive obifting of the 


polarities of either or both elements (thoarma: +> 
tare or field maguet or magnets) of a motor by 
developiag alternating carrenta ln 1одороо 
ent circuits, including tbe mnguetizing-coils of 
either or both elements, as bereln sét forth. 
NIKOLA TESLA 
Witnesses 


Еванк В. МОРРШТ, 
дих Е. HARTLEY. 
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обом! pent: 


To all whom. tt тау concern: 

‘Bo it known that I,"NIKOLA TESLA, from 

Bmtljan, Lika, bordet country of Acstria Нас. 

ry, und residicg in (he city, county, and 
5 State of New York, bave invonted certain uow 
and osefol Improvements in the Electric Trans- 

omission of Powor, of which tho following ie a 

Speciation, this epptication being а division 

of аа application: Sled by me November 30, 
to 1887, Serial No. 256,562. 

Ta'a previous application Sled by mo—viz., 

Жо, 252,132, fled October 12, 1887 —I have set, 

forth an improvement in motors and jn the 

modo or method of operatig the same, wbicb, 
15 genorally stated, consiste in progressively and 

Contionously abifting the poles or lines of 
marimum magactic effect of either tho fold- 
120gneta or armature, or botb, of a motor, and 
thereby producing a movement of rotation in 
tho motor. Tho means which I-baveshowr 
for effecting this, whilo varying in detail, are 
‘exoimplified’su tho followingsystem, which, for 
present purposes, it will be sufficient to con- 
alder эз a typical embodiment of tho invea- 

ion, б 

‘The motor Is жошбй with coils formiog i 
dependeat energizing-circaits on the arm 
ture, which Is 2 cylinder or disk mounted to 
rotate between two opposite magoctic poles. 
‘These coils аге conpccted up with correspond- 
fog induced or curreat-prodoclog circuits їп 
ап alterncting-currant generator. Asa result 
ог this, whea tho generator is sct іо motion, 
currents of altorvately-opposito direction aro 
directed through the energizing-nofls of tho 
motor in such manner us to produce в pro- 
gresalvo shifting or rotation of the magoetic 
polesof the motor-armature. ‘This movement 
Of the poles of tue armature obviously tends to 
rotate the armature io the opposite direction 
to that in which the movement of the poles 
takes place, owing to the attractive (огоо bo- 
tween said poles and the Beld-magoete, and the 
‘speed of rotation incronaes from the start un- 
til it equals that of the generator, supposing 
both motor and generator to bo alike. 

‘As the magoetic poles of tho armature aro 
chifted in a direction opposite to that ia which 
tho armature rotates, it will bo apparent that 
so when tbe normal speed isattalaed the poles of 
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+] the armature will assumoa fixed position relse 


tively to the ficld-taagnets, and thst in corso: 
quenco the fleld-magaote Will be energized by 
magactic induction, exhibitlg two distinct 
poles, опе on cach of the polo-pieces. Tu start 
ing the motor, however, the spaed of the ar- 
mature being comparatively slow, tbe pole: 
pieces aresubjected to; reversals of mag- 
netic polarity; butas tbenpeed ibcrensestheso: 
roversals become less and less frequent and бо 
Ganlly cease, when tho movement of the arma: 
turo becomes syocbronous with that of the 
generator. ‘This being the сазо, the Beld-cores 
ог tho pole-pleces of tho motor become a mag- 
nel, but by induction only. 

T havo found that advantageous results are 
seoared by winding the Beldmagnete with n 
coil or coils aod passing a continuous current 
through them, thus maintainfog a parmanent 
field, and in this feature my present invention 
consists. 

I shall now describe the apparatus which I 
зто devised for carrying out this invention 
апа explain the mode of using or operating 
tho samo. % 

Figaro 1 is an end view in elevation of шу 
improved motor. Fig.2 is a part horizontal 
central section, and Mig. 3 is д. diagrammatic 
representation of the motor aud generator, 
comblücd aud connected for operation. “4; 

Let A А in Fig. 1 represent the legs or ро! 
pieces of а fleld-magact, around which aro 
Soils В В, included fn the cireait of a cootion- 
ous-curreat generator, C, which is adapted to 
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impart magoctism to the said poles in the or- 85 
Ginury maaer. 
D I» ore two indepoodent ooils wound upon 


а suitable cylindrical or equivalont armatare- 
core, whicb, like all others used in a similar 
manner, should bo split or.divided up into 
alternate magnetic sad fosulatiog parta ia the 
usualway. ‘This armature is mounted ia non- 
misgactic cross-bars E E, secured to the poles 
of ibofcld-magoet. The torminuis of the ar- 
rinture-coils D D' aro conoceted to insulated 95 
sliding contact riogs а а b b, carried by tho 
srmatare-shaft, оба brushes с o bear npon 
theso ringa to convey to Lhe coils the currents 
which operate the motor. 

‘The generator for operating this motor is or 
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тау be of ‘precisely identical construction, 
aud forconveoteuceof reference I have marked 
in Fig. 3 its parts, ns follows: РР, the feid- 
magocts energized by a cootiouoys current 
passing in its бей сөз 0 G; НЫ’, the coils 
carried by the cylindrical armatare; ё дее, 
the friction or collectiog rings carried by the 
armature sbatt and forming the termiaals of 
the armature-coils; aud f f the collectiog- 
brushes which deliver the carrents developed 
in the armiatare-coils to the two circuits 97, 
which connect the generator with the motor, 

The operation of this system will be under- 
stood from the foregoing. ‘The action of the 
generator by causing a progressive shifting of 
the poles io the motor-armature sets up i 
the latter a rotation opposite іп direction to 
shat ju wbich the poles move. If, now, the 
continuous enrrent be directed through the 
ficld-coils во as to strongly energize the mag- 
net A A, the specd of the raotor, which depeads 
upon thatofthegenerator, will not beincreased, 
but tbe power which produces its rotation will 
be increased in proportion to the energy sup- 
plled through the coils D В. It is cbaracter- 

tic of із motor that its direction of rota- 
tion із not reversed by reversing the direction 
of the current through its ficld.coila, for tho 
direction of rotation depends not upon the 

olarity of the Geld, but upon the direction 
а which the poles of the armature arcsbifted, 
‘To reverse the motor the connections of either 
of the circuits 7 7 must be reversed. 

1 have found tbat if Ше field-magoet of the 
motor be strongly energized by-its coils D D, 
and the circuits through the armature-coils 
closed, assuming the generator to be runpiog 
ша certain speed, the motor will not start; 
but if tbe Geld be but slightly energized, ог in 

eneral із such condition that the magnetic 
pfivence of the armature preponderates 10 de- 
termining its magnetic condition, the motor 
will start, and with ваШсїерЬ correat will 
reach its maximum or normal speed. For 
tbis reason it із desirable to keep at the start, 
aod until the motor has attained its normal 
speed, or nearly во, tho fiold.circuit open, or 
to permit but little current to passthrough it. 
I bave found, however, if the Selds of both the 
generator and motor be strongly energized 
that atarting the generator starts the motor, 
and that the epeed of tho motor is inc 
in synchronism with the generator, 
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Motors constructed and operated on this 
priociple niaintaio almost alsolately the sawe 
Speed for all loads within their normal work- 
ing limits, and in practice I have observed 
that if the motor be overloaded to sncli an ex- 
tent as to check its speed the speed of the 
generator, if its motive power be not too great, 
38 diminished synchrosously with that of the. 
motor, 

Т bave in other applications shown how tue 
construction of these or similar motors may be 
varied in certain well-known ways—as, for іп- 
stance, by rotating tho field about a etation- 
‘ary armature or rotating conductors within 
the field—bat Ido not illustrate these features 
further berein, as with the illustration which 
Ihave given Г regard the rest as withio the 
power uf a person skilled io the art to con- 
struct. 

Т am aware that a device embodying the 
characteristics of a motor and baving a рег» 
woaveotly-magnetized Geld-magnet has been 
operated by passing throngh indepoodent coils 
on its armature à direct or continuous current 
in opposito directions. Such o system, how- 
ever, Т do not regard аз capable of the prac- 
tical applications for which шу invention 18 
designed, nor is it the samo із priociple or 
mode of operation, mainly in bat tho shifting 
of the poles is iutermittent and net contin - 
ous, aud that there is necessarily iuvolved a 
waste of energs. | 

Ju my preseiit application I do nottimlt my- 
self to any special form of motos, nor of tho 
means for prodaciog the alteronting currents 
ag distingulsbed from what aro called "то. 
versed currents,” aud 1 may excite or onergize 
the feld of the motor acd of the generator by 
any source of curreut which will produco tho 
desired resolt. 

‘What I claim і 

The method herein described of transiblt- 
ting power by elzctro-magnetio motore, wich 
consists іп coptiononsly and progressively 
shiftiog the poles of one clement of tho motor 
Әу alternating currents aod magnetizing tho 
other element Бу a direct or continuous cur- 100 
rent, as set forth. 
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may be of ‘precisely ideutical construction, 
aud forconventence of reference I have marked 
in Fig. 3 its parts, ns follows: F F, the Gel 
лпаробіз energized by а contiauoys correct 
passing in its Geld-coils О G; H H', the coils 
carried by the cylindrical armatare; ё d ee, 
the friction ог collecting rings carried by the 
armaturesbatt and formiog the terminals of 
the armature-coils; aud f f the collectiog- 
brushes which deliver the carreots developed 
in the armature-coils to the two circuits g 2, 
which connect the gonerator with the motor. 

‘The operation of this system will be under- 
stood from the foregoing. "The action of the 
generator by causing a progressive shifting of 
the poles із the motor-armature sets up 10 
the Jatter a rotation opposite {а direction to 
that jo which the poles move. Jf, now, the 
Continuous enrrent he directed through the 
fitld-coils во as to strongly energize the mag- 
net A A, the speed of thommotor, which depends. 
uponthatof о generator, will notbeincreased, 
Ъ the power which produces its rotation will 
be Increased io proportion to the energy sup- 

lied through Ше coils BB. Itis cbaracter- 
istic of this motor that its dircétion of rota- 
tion is not reversed by reversing the direction 
of tbe current tbroogh ils field coils, for the 
direction of rotation depends not upon the 

olarity of the field, but upon the direction 
fn which the poles of the armature arosbifted. 
‘To reverse tho motor the connections of either 
of tue circuits g / most be reversed. 

Thaye found tbat if the field-magact of the 
motor be strongly energized by.its coils D В, 
and tbe circuits through the aromture-colls 
closed, assuming the generator to be runpiog 
ша certain speed, the motor will not start; 
but if the Seld be but slightly energized, or in 
general in such condition that the magoctic 
Tofiuence of the armature preponderates їо de- 
termining its magnetic condition, the motor 
will start, and with enfficient carent will 
reach its maximum or normal speed. For 
tbis reason it із desirable to keep at the start, 
and until the motor has attuined its normal 
speed, or nearly so, the feld-cireuit open, or 
to permit but little current to passthrough it. 
1 bave found, however, if Ње feldsof both the 
generator and motor be strongly energized 
that starting the generator starts the motor, 
and that the speed of tho motor is increas 
in synchronism with the generator, 
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Motors constracted and operated on this 
priaciple maintaio almost absolutely tbe same 55 
Speed for all loads witbio their normal work- 
ing limits, and in practice I bave observed 
that if the motor be overloaded to sich ao ex- 
tent as to cheek its speed the speed of the 
generator, if its motive power be not too great, bo 
ig diminished synehrooonsly with that of the 
motor. 

I bave in other applications shown bow ше 
construction of these or similar motors may be 
varied iu certain well-known ways—as, for iu- бу 
stance, by rotating the field about a station- 
ary armature or rotatiog cooductors within 
the Beld—bot Ido not illustrate these features 
farther berein, as with the illustration which 
Thave given] regard the rest as witbio the 
power of a person skilled iu the art to con- 
struct, 

lam aware that a device embodying tho 
characteristics of a motor and baviag a рег» 
roaovotly-magnetized Geld-magnot has been 
operated by passing through indepondent coils 
оп йл armature a direct or 606400008 current 
in opposite directions. Such о system, how- 
ever, I do not regard аз capable of the prac: 
tical applications for which my invention 
designed, nor is it the samo lu prinelple ог 
mode of operation, mainly in that the shifting 
of the poles is iutermitteat and по) contin - 
ovs, aud that tbere is necessarily iuvolved а 
waste of energy. 

1а my preset application I do not init my- 
self to any special form of motor, nor of tho 
means for prodaciog the alteronting currents 
аз distinguished from what aro enlled “ro. 
versed currests,”” пой I mag excite or onergize 
the feld of tho motor and of the generator by 
any source of curreut which will produce tho 
desired result. 

‘What I claim 18— 

Tbe method herein described of transiblt 
ting power by electro-magnetic motors, which 
consists in contiononsly and progressively 
shiftiog tho poles of one clement of tho motor 
by alternating currents aod magnetizing tho 
other element by a direct ог continuons cur- 100 
rent, as set forth. 


т 


15 


во 


5 


% 


NIKOLA TESLA. 


Witnesses: 
Fax B. Murray, 
Frane E. HARTLEY. 


P-161 


(No todel.) 2 Sheets—Sheot 2. 
N. TESLA 
ELECTRICAL TRANSMISSION OF POWER. 
50.382,281. Patented May 1, 1888 


WITNESSES INVENTOR 
еган обл, Sesh, 
р дайы. BY Дак, 

ATTORNÉYS 


25 Nikola Tesla 


© 


5 


20 


25 


зо 


35 


E 


45 


UNITED, STATES 


PATENT, OFFICE. 


NIKOLA TESLA, OF NEW YORE, N. Y., ASSIGNOR OF ONE HALF TO CHARLES 
Р. PECK, OF ENGLEWOOD, NEW JERSEY. 


SYSTEM OF ELECTRICAL DISTRIBUTION. 
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To all-whom it may concern: 

Ве it known tbat 1, NIKOLA Testa, from 
Smiljan Lika, border country of Austri: 
gory,now residing at New York,in the county 
зла State of New York, have invented certain 
new aod useful Improvements in Systems of 
Electrical Distribution, of which the following 
is а specification, reference being boa to the 
drawings accompanying and forming a part of 
the ваше. 

"his invention relates to those systems of 
electrical distribution in which a current from 
а single source of supply in a maio or trans- 
pitting circuit is caused to iuduce by means 
of suitable induction apparatus a current or 
correnta in an independent working circuit or 
circuits, 

The main objects of the iuvention are the 
came аз have beeu horetofore obtained by the 
ово of these systems—viz., to divide the cur- 
rent from a single source, whereby a number 
of lamps, motors, or other translating dovices 
inay be independently controlled and operated 
by Шо same sourge of current, and: іа some 
eases tó reduce a current of high potential In 
the main circuit to one of greater quantity and 
Tower potential in the independent consump- 
Mon or working circuit or circuits. 

The кешега! character of the devices em- 
ployed in these systems is now well under- 
stood. An alternating-current magneto-ma- 
chino is used asthesourceofsupply. Tho cur- 
rent doveloped thereby is conducted through 
5 transmission circuit to one or more distant 
points at which the transformers aro located. 
‘hese consist of iuduction-machines of vari 
kinds. Іо some cases ordinary forms of inauc- 
tion-coil buve been nsed with one coil га the 
[ransiitting-cireuit and tho other io a local 
ог consumption circuit, the coils being differ- 
ently proportioued according to the work to 
be'dono iu the consumption-circuit—that is 
t0 soy, if the work requires a current of higher 
potential than that ju the trausmission-elreuit 
tho secondary or induced coil i$ of greater 
length aud resistance than the primary, while, 
on tho other Блоа, if a quantity current of 
lower potential із wanted the louger coil is 
mado the primary Та lieu of these devices 


various forms of electro.dynamic iüduction- 
machines, including tbe combined motors and 
genorators, bave been devised. For instance, 
8 motor. constructed in accordance with well- 
understood principles, and on the samo arma- 
tore aro wouad induced coils which constitnto 
agenerater, Tho molor-coils aro generally of 
Бов wire and tho generator-coils of coarser 
wire, во as.to produce a current of greater 
quantity and lower potential than tho lino-car- 
rent, which is of relatively high potential, vo 
avoid loss in long transmission. A similar ar- 
rangement із to wind coils corresponding to 
(ово described in a ring or similar core, and 
by means of a commutator of suitable kind to 
direct the current through the inducing-eoils 65 
successively, 50 as to maintain’ ovement of 
the poles-of the core and of tho lines of forco 
which өсі up the currents in Ше induced coils. 

Without out:merating tbe objections tothese 
systems in detail, it will suffice to say that the 
tboory ог the principle of the action or opera 
tion of theso devices has apparently becu но 
little understood that their proper construc- 
tion and use havo up to the ргезеші time been 
atteuded with various difficulties and great 
expense, ‘Tho transformers are very liable to 
be injured and Богова ош, avd tho means ro- 
sorted to for curing this and other defects 
have almost invariably been at Ше expenre of 
efficiency. 

‘The form of couverter or transformer which 
І havo devised appears tobe largely free from 
the defecta and objections Lo which I bare al- 
luded, While I do not hercia advance any 
theory as to its mode of operation, I would 8 
state that, fa so far as Ше principal of cou- 
struction is concerned, itis analogous to thoso 
transformers which I have above deseribed as 
electro- dyaamle induction - machines, except 
that it involves no moving parta whatever,aud gc 
is hence not liable to wear or other derange- 
ment, and requires по more atteotiva than the 
other aud more common induetion-machines. 

Та carrying опу шу invention I provide à 
gorica of induciog-coils and corresponding in- 
duced coils, which, by preference, Г wiad opon 
а core closed npon itself—such asan annulus or 
ring subdivided in the usual товпоег, Tho 
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evo sets of coils are wound side by side orsu- 

perposed or otherwise placed in well-known 
хауз lo bring them into the most effective re- 
Jations to ове another and to the core. The 
inducing ог primary coils wound ou the core 
are divitled into pairs or sets by the proper 
electrical connections, so that while the coils of 
onc pair ог set to co-operate in fixing the mag- 
netic poles-of the core at to given diametric- 
alty-opposite points, tbe coils of the other pair 
or set—assuming, for sake of illustration, that 
there are but two—tend to fix the poles ainety 
degrees from such points. With this induc- 
tion device I пзе an alternating-eurrent деп. 
erator with coils or sets of сойз to correspond 
with those of the converter, and by means of 
suitable conductors I connectup in independ- 
ent circuits the corresponding coils of the gen- 
erator and converter. It resnhs from this 
that the different electrical phases in the gen- 
стцог are attended by corresponding mag- 
netic changes in the converter; or, in other 
words, that as the generator-coils revolve the 
points of greatest maguetie intensity in tho 
eouverter will be progressively shifted or 
whirled around, his prinemple I have ap- 
plied wuder variously-modified condiiions to 
Ше operation of electro-magnetic motors, and 
in previous applications, notably in those bav- 
ing Serial Nos. 252,132 and 256,561, I bave de- 
seribed ia detail the manner of constructing 
aud using such motors, - Та the present appli: 
cation my object 18 to describe the best avd 
most convenient manner of which Iam at pres- 
ent aware of carrying out the invention as ap- 
plied to а system of electrical distribution; 
but one skilled io the art will readily under: 
stand from the description by the modifica- 
tions proposed in said applications, wherein 
the form of both tho generator and couverter 
in the present ease шау be modified, 

In illustration therefore of the details of 
construction which my present invention io- 
volves, I now refer to the accompanying draw- 
ings. 

Figure 1 is a diogrammatie illustra 


a of 


Ше converter and the electrical couuections of | di 


the same, Fig. 2 is a borizontal central cross- 
section of Fig. 1. Fig. 3isa diagram of the cir- 
cuits of the entire system, the generator being 
shown іа section. 

Гавеа соге, A, which is closed upon itself— 
that із to say, of an annular cylindrical or 
equivalent form--and as the efficiency of the 
apparatus is largely increased by the subdi- 
vision of this core I make it of thin strips, 
plates, or wires of soft iron electrically insu- 
Inted as far as practicable. Upon this core, 
by any well-kuown method, I wind, say, four 
coils, B B B' 2, wbich I use as primary coils, 
aud for which I use long lengths of compar: 
tively fine wire. Over these coils I thea wind 
shorter coils of coarser wire, С C C C, to cod- 
stitute the induced or secondary coils. Тһе 
construction of this or any equivalent form of 
Converter шау be carried further, as above 


‘through tho next quarter of a turo, 4шіше 
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pointed out, by iaclosipg thesecoils with iron— 
эз, for example, by winding over the coils a. 
layer or layers of insulated iron wire. 

"The device is provided with suitable. bind. 7o 
ing-posts, to which the ends of the coils are 
led. The diemetrically-opposite coils B B and 
BY B'are conaected, respectively, in series, and 
the four terminals are coanected to the bi 
ing posts1234. The induced coils are con 
nected together іп any desired manner, For 
example, as shown іп Fig. 3, C C may becon 
nected in multiple are when a quantity enr- 
rent is desired—as for running a group of ш. 
candescent lamps, D—while € C may be in. 8o 
dependently connected іп series in a circuit 
including are lamps or Шо like. The goner- 
ator in this system will beadapted to the con. 
verter in the manner illustrated. For exam: 
ple, in the present case I employ a pair of or- 
disary permanent or electro magnets, E E, 
between which is mounted a cylindrical arma: 

ге on a shaft, F, and wound with two colle, 
GG’. Те terminals of tbese coils аға con- 
nected, respectively, to four insulated contact 
or collecting rings, H H H” IT, and the four 
line circuít-wires L connect the brushes К, 
bearing on these rings, to tlie converter in tho 
ordershown. Notivg the resulta of this com- 
bination, it will be observed that at a given 
point of time the сой G is in its nentral posi- 
tion and isgeneratinglittle or no current, while 
the other coil, G^, isin a position where it ехе 
erta its maximum effet. Assuming coil G to 
be connected in circuit with coils I B of the 
converter, and сой G' with coils В D^ it is 
evident tbat the polesof the ring A will be 
determined by coils D' D' alone; but es the 
armature of the generator revolves, coil G de- 
Aelops more current amd coil G loss, until С 
reaches its maximum aud G' its neutral posi- 
tion. The obvious result will be to sbi the 
poles of the ring A through one-quarter of 
its periphery. The movement of the coils 
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which coil G'enters а field of opposite ро: 
larity and generates а current of opposito 

irection and increasing strength, while coil 
G, in passing from its maximus’ to its nou- 
tral position geuerates a current of deerena- 
ing strength and same direction ая before, 
causes a farther shifting of the poles through 
the second quarter of tho ring. The sece 
ond half-revolution will obviously bo a repe- 
tition of the same action. Dy Ше shifting of 
the poles of the ring A а powerfal dynamic 
inductive effect on Ше coils С С is produced. 
Besides the currents generated іп Ше second. 
ary coils by dynamo-tiaguetic induction other 
currents will be set up in the same coils in con- 
sequence of any varialions in the intensity of 
the poles in thering A. ‘Thisshould beaveided 
by maintaining the intensity of tbe poles con- 
stant, to accomplish which caro should bo 
taken in designing and proportioning tbe gen- 
erator and is distributing the coils id the sing 
А sad balancing their effect. When this is 
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one, the currents are produced һу dyoamo- 
magnetic inductiou only, the same result be- 
э obtained as though the poles were shifted 
oy а commutator with an infinite number of 
segments. 

The modificatious which are applicable to 
other forms of converter are in ташу respects 
applicable to this. I refer more particularly 
to the form of,the.core, tho relative lengths 
and resistances of the primary and secondary 
coils, and the arrangements for running or op- 
erating the same. 

The new method of clectrical conversion 
which this system involves I bave made the 
subject of auother application, and I do not 
claim it therefore herein. 

Withont limiting myself therefore to any 
specific form, what T claim is— 

1. ‘The combination, with a core closed upon 
itself, inducing or primary coils wound thereon 
дай connected up in independent pairs or sets, 
and-jaduced or secondary coils wound upon 
ог near the primary coils, of a generator of 
alternating currents and independent connec, 
tions to tbe primary coils, whereby by the op- 
exation of the generator a progressive sbiftiog 
^f the holes of the core is effected, as set forth. 


2. ‘Thecombivation, with an annnlarorsimi- 
lar magnetic coreand primary and secondary 
coils wound thereon, of an alternating - сог. 3 
rent generator having induced or armature 
coils corresponding to the primary coils, and 
independent circuits connecting the primary 
coils with the corresponding coils of the деп- 
erator, аз berein set forth. E 

3. The combination, with independent elec- 
trie transmission-eirenits, of transformers con- 
sisting of annular or similar богев wound with 
primary and secondary coils, tho opposite pri- 
wary coilsof each transformer being connected gu 
to one of the transmission-circuits, an alter 
natiog current generator with independent їп. 
duced or armature coils connected with the 
transuiission-circuits, whereby alternating cur 
rents may be directed through the primary 45 
coils of the transformers io the order and man 
ner Бегеја described 
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То ай whom it may concern: Ё 
Be it known Шар J, NIKOLA TESLA, а sub- 
ject of the Emperor of Austria, from Smiljau, 
Lika, border country of Austrin-Hangary, ге: 

5 siding ia the city, county, and State ог New 
York, have invented certain new and useful 
Improvements in Systems of Electrical Dis- 
trition, of which the following is a зресій- 
cation, reference being had to the drawings ac- 
companying and forming a part of the same. 
In previous applications for patents made 
hy me I ive showa and deseribed electrical 
systems for the transmission of power avd the 
conversion and distribution of electrical еп- 
ergy, in which the motors and the transformers 
2 contain two or morecoilsorsetsof coils, which 
were connected up in independent circuits 
with corresponding coils of an alternaling-cur- 
rent generator, the operation of the system be- 
ing brought about by the co-operation of the 
alternating curreots in the independent cir- 
cuits in progressively moving or shilting the 
poles or points of maximum їшадосие есе of 
Ше motors or converters. In these systems, 
ns I have described them, two independent 
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conductors were employed for each of the | 


independent eirenits conuecring the gener- 
utor with tbe devices for converting tiv: trans- 
mitted enrrents into mechanical energy’ or 
ино electric currents of another cha 
bnt 1 have found that this is not а 
sary, and that the two or more 
have a single return path or wire in eorumon, 
with а loss, if any, which їз so extreinely slight 
that it may be disregarded entirely. Forsike 
of illustration, if the generator have їмо за 
dependent coils and the motor two coils or 
two sets of coils in corresponding relations to 
из operative elements one terminal of each 
generator-coil is connected to the eorrespond- 
ing terminals-of Ше wiotor coils throng’ two 
independent conductors, while the opposite 
terminals of the respective сойз are both con. 
пецей to one return-wire. 

‘This iovention is applicable to my system 
in various ways, аз will be веер by reference 
to the drawicgs, io which— 

Figure 1 is a diagrammatic illustration of a. 
generator and single motor constracted aad 
$0 electrically connected in accordance with the 
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10, brush У, line-wire E, terminal Е, wiro 


‘or both, io parallel or multiple are. Гір. 3 
illustrates diagrammatically tho manner of 
operating two or more motors or converters,or 55 
Doth, in series. 
Tt is obvious that for purposes of this iüven- 
tiou motors or transformers, which may beall 
designated as "converters," are the same,and 
that either or both may bo operated by the бо 
вазе system or arrangement of circuits. 
Referring to Vig.1, A A dosigoate tho poles 
of the Geld-magnets of au alternating-current, 
generator, thé amatore of which, being in 
this case cylindrical in form and mounted ona 65 
shaft, С, is wonud longitudinally with coils B 
Ш. ‘The shaft О carries three insulated con- 
tact-rings, а 0 с, to two of ich, пз b с, one 
terminal of cach сой, as ed, is connected, Тре 
| re naining terminals, / g, aro both connected ус 
| to the third ring, а. 
A motor in this case із shown as composeu 
of a ring 1h wound with four colla ГІ, 
| electrically connected, so as to co-oporato in 
airs, with a tendency to fix the poles of tho 
ring at four points ninety degroes apart. 
1 Within the magnetic ring Н is а disk or ey- 
iindrical соге wound with two colls, @ ©, 
which may be connected to form two closed 
circuits, "The terminals j k of the two acta ог 
pairs of coils are connected, respectively, to 
Ше binding-poaté Е' Е”, and the other termi- 
| nals, Ai, aro cónnected to а single binding- 
post, D. "To operato tho motor, three lino- 
wires are used to connect tho terminals of the 
generator with those of the motor, 

So far'as the apparent action or mode’ ot 
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| operation of this arraugement is concerned, 


the single wiro D. which is, sv to speak,a com- 
mou return-wire for both circuits, may bo re- 
garded as two independent wires, ln illus. 
iration, with tho order of connection shown, 
coil B’ of the generator is prodaciog its maxi- 
muin eurrént aud сой В йв minimum; hence 
the current which passes through mire e, ring 95 
7 
coils I I, wire or terminal D', line-wiro D, 
brush a’, ring a, and wire f, fixes the polar 
line of the motor midway between tho two 
coils I T; but as the coil B moves from Ше po- 100 
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sition indicated it generates less eurreut, wbile 
coil B, moving into the field, generates more. 
The current from coil В passes through the 
devices and wires designated hy the lettersd, 
хс F, F', k J J, i, D, D, a', a, and g, and 
the position of the poles of the motor will be 
doc to the resultant effect. of the currents in 
the two ects of coils—that is, it will be ad- 
vanced in proportion to Ше advance or for- 
ward movement of the armature coils. The 
movement of the generator-armatore through 
опе quarter of a revolution will obviously 
bring coll В’ into its nentral position and coi 
В into its position of maximum effect, aad 
this shifts tbe poles oinety degrees, as the; 
fixed solely by coils B. This action 
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те. 
peated for each quarter of a cowplete revola- 
tion, 

‘When more tban one motor or otber device 
is employed, they may be ruo cither io paral- 


E 
lelorseries. lo Fig. 2 the former arrangemeot 
is shown, Tho electrical device із shown ая 
a couverter, L, coostructed as 1 bave described 
ju my application Serial No. 258,787, filed 

25 December 23, 1887. "The two sets of primary 
coils p у are connected, respectively, to the 

mains F E, which are electrically cou 
with the two coils of the generator. 
¢ross-circait wires 2 т, making these connec: 
tlovs, are thea connected to the common re- 
loro-gire D. ‘The secondary coils p'p'aroio 
circaits а o, Including, for oxample, іосас- 
descent lampa. Ошу one converter із chown 
cntiretio (Біз figure, the others being illus- 
trated diagrammatically. 

‘When motors or converters aro tobe ran fo 
series,the two wires E F are led from the gea- 
erator to the coils of the first motor or con- 
verter, then continued on to the next, aod во 
оп through the whole series, and are then 
Joined to the single mire D, which completes 

th cirevits through the generator. This is 
own in Fig. 3, in which J I represent the 
two coils or sets of coils of the motors. 

Obviously it is immaterial to the operation 
of tho motor or equivalent device in Fig. 1 
what order of connections is observed between 
the respective terminals of the generator or 
motor. 

T have described the invention ip its best 
and most practicable form of which 1 am 
aware; but there are other conditions under 
which it may be carried out, For example, ia 
case the motor and generator each has three in- 
55 dependent circuits, ono terminal of each cir- 
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cuit ig connected to a line-wire and the other 
three terminalstoa comun return conductor. 
‘This arrangement will secure similar resulta to 
those attained with ageneratorand motor hav- 
ing but twoindependent circuits, ал above de 
scribed. 

‘When applied to such machines and motors 
аз have tbree or more induced circuits with a 
common electrical joint,the threcor more (ег. 
winals of the generator wouid be simply соп. 
nected to tbose of the motor. Such forms of 
machines, when adapted in this manner to my 
system, 1 have, however, fonnd to be less еді 
cient than the others. 

-The invention isapplitable to machines and 
rotors of various typem and according to cir 
camstaocesand conditions readily understood, 
with more or less efficient resulta. Ido noi 
therefore limit myself to noy of tho details of 
constrnetion of the apparatus herein shown. 

‘What I claim is— 

1. The combination, witb a generator hav- 
ing independent carrent-generating circuits 
and а converter or converters having iode- 
pendent aod corresponding circuite, of iode- 
pendent conductors connecting one terminal 
of eaeb generator-eircoit with п corresponding 
terminal of tho motor nud a single conductor 
connecting the remaining generator and con: 
verter termivals, аз act fort 

2. ‘The combination, with а generator bov- 
log Independent current generating cirenita 
and в converter or converters baving iodo- 
pendent and corresponding cirenits, of inde- 
pendent lioe or connecting circuits formed in 
part through а condnetor common to all, ns 
Bet forth. 
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merator, and a single return wiro or con- 


juctor connecti 
the other term 
forth. 


g tbe said condactors with 
дік of tbe generator, as set 
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To, all whom it may concern- 
в it known that J, NIKOLA TESLA, а sub- 
ject of the Emperor of Austria-ongary, for- 
Merly of Smiljan, Lika, order country of Aus- 
5 tvia-lungary, but now residing at New York, 
in tbe county'and Stuteof NewYork, have in- 
vented certain new and useful Improvements 
in Systems for the Electrical Transmission of 
Power, of which the following is a specifica- 
tion, referonee being had to the drawings ac- 
enmpanying aod fortaiug x part of the same. 
“This invention is an improvement in sys- 
temsofeleotrical distribution of power whero- 
iu аго employed motors having two or moro 
independent energizing circuits, through 
which aro passed alternating currents differ- 
ing in phaso that are produced by A magnoto- 
electric machinohaving independent induced 
circuits, or that are obinined from any other 
suitablesourceor by any other suitable means. 
Tn illustration of the various conditions which 
І regard as most importantto an attainment 
of tho best results from tho uso of motors of 
this character, I havo herotofore used допог- 
ally forins of generator in which therelations 
of tho induced or current-gonorating coils and 
field-magnets were such that but twoimpulses 
or current nre produced in each coil by a siu- 
glo revolution of the armaturo or field cores. 
‘The rato, thorefore, at which the different 
phases or impulses of current in the lino-cir- 
cuits succeeded one another was so little 
grentor than that at which tho armature of 
tho generator revolvod that without special 
provision the generator required to be runat 
very high speed to obtain the best results. 
It is weli known that the most efficiont re- 
salts aro secured iu the oporstion of euch mo- 
tors when thoy are run at high speeds; butas 
tho praeticablo rato of spoed 16 much limited 
by mechanical conditions, particularly in the 
саго of largo generators, which would bo ro- 
quired when a number of motors are run from 
single source, I have sought to produce а 
greater numbcr of current fmpulses by a slow 
ог slower speed thun that at which tho ordi- 
nary bipolar machines may ba economically 
operated. I thorefore adepttomy system any 
of the various types of multipolar alternat- 
59 ing-current machines which yield а consid- 
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erablenumberof сштеп reversals orimpulsos. 
for each revolution of the armaturo by ob- 
serving tho main condition essential to tho 
oporation of my system that the phuses of (he 
currents in tho independent inducoc circuits 

tho generator should uot coincide, but ex- 
іка sufficient difference in phase to produco 
the desired results. Imay accomplish this in 
a variety of ways, which, however, vary only 
in detail, since they aro based upon tho samo. 
underlying principle. Forexnmple,toadapta 

von typoof altoroat:ng-eurrent generator 1 
mny couplo rigidly two completo michines ses 
curing thom so that the requisite differonco 
in paso between tho currents produced by 65 
cach will bo obtained, or I may securo two 
armatures to the asmo shait within tho influ- 
ence of tho samo field and with an angular 
displacoment that will produce the propor 
difference in phaso between tho two enrronts, 
ог І may secure two armatures to tho зате 
sbaft with thoir coils xyinmetrically disposed, 
and piaco two sets of field-magnets at such 
Anglo ès to securo the same result, or, finally, 
I way wind on thosamo armaturo the two sots 
of coils alternately, or in such manner that 
they will develop ‘currents, the phases of 
which differ in time sufficiently to ргодасо 
rotation of tho motor. 

Anothor featuro of my invention is in tho 
plan which 1 bavo dovised for utilizing gon- 
erators and motors of this type, whoroby а 
single genorator may be caused to гип a nuu- 
ber of motors eithor at tho sume speed as its 
own or allat differentapseds, "This Iaccom- 
plish by constructing the motors with (омот 
poles thau tho generator, in which caso their 
вросӣ will be greater than that of tho gener- 
ator, the rato cf speed boing higher аз tho 
number of tboir poles is relatively less. ‘This 
‘will bo understood from an example. Sup- 

аз two Independont gon- 
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Gireuits, and J havo demon: 
feet upon a motor such asthat mentioned із 
i tho magnètic poles through three 
«Lang sixty degrees. Tt із obvious 
that if the four reversals in tho same order 
cauld be produced by each balf-movolution 
of the gonerator the motor would make two 
revolutions to the gencrator’s опе. This 
uld be readily accomplished by adding two 
intermediato poles to the genorator or altor- 
ing it in Any of the other equivalent ways 
qhove indicated. ‘Tho samo ralo applies to 
enorators and motors with multiple poles. 
For iusianes, if à generator be constructed 
with two cizenits, cach of which produces 
twelvo reversals of curront to а revolution, 
and these currents be dirceted through the 
fodependent energizing-coits of a motor, the 
coils of which are so applied as to produce 
twelve maguetic poles at all times, the rota- 
tion of the two will be synchronous; but if 
tho motor-coils produce butsix poles the mov- 
able element will Le rotated twico while the 
generator rotates опсо, or if the motor bavo 
four poles its rotation will be three times аз 
fast ав that of the genorator. 

‘Those features, во far as it is necessary to 
an understanding: of the Invention, aro illus- 
trated in the accompanying drawings, 

Figuro 1 is a diagramuatic illustration of 
a generator constructod in accordance with 
my invention. Fig. 2 is asimilar viow of a 
correspondingly-constencted motor. Fig. 3 is 
adiogram of generator of modided construc- 
tion. Fig. 4 is adingram of в motor of cor- 
responding charactor. Fig. 5 is a diagram of 
а system containing n generator and several 
motors adapted to run at various spoeds. 

In Fig. 1, let C represent a cylindrical arma- 
taro-coro wound longitudinally with insulated 
coils А А, which are connected up in sertes, 
the termioals of the series being connected 
to colloctibg-riogs а а on.the «һай б. By 
means of this shaft the armatare is monnted 
to rotate between tho poles of an angular 
Seld-magnet D, formed with polar projec- 
tions wound with ocils E, that magnetizo the 
вай projections. ‘The colls E аге included 
in tho circuit of a generator F, by means of 
which the Geld-megnet is energized. It thus 
constructed, the macbino isa well-known form 
of alternating-current gonerator. То adapt 
it to my system, liowevor, I wind oa armature 
Са second set of coils В В intermediate to 
tho Grst, ог, іо other words, іп euch positions. 
that while tho coils of ono ect aro in tho rola- 
tivo positions to the poles of the fold-magnet 
to produce tho maximum current those of the 
otor set will bo ia tho position in which thoy 
produce the minimum current. The coils B 
are connected, also, in series and to two col- 
lecting-rings bb, secured generally tothoebaft 
at the opposite end of tbe armature. 

Tho motor shown in Fig 2 baa ап 2nualar 
Seld-magnet Н, with for polo-pices2 wound 
with coils 1 


‘Pho armature is constructed ! t! 
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larly to that of tho generator, but with 
two acts of two coils in closed circuits to cor- 
respond with the reduced number of mag- 
notic poles ia tbe field. 

From the foregoing it is ov dent that one 
revolution of the armature of thie generator 
producing eight curront impulses in each cit- 

il] produce two revolutions of tho mo- 
"annature, 

"The appliention of the principle of this in- 
veution is not confined toany particular form 
of machine. То Figs. 3 and 4a generator and 
motor of another well-known type are shown. 
In Fiz. 2,1 J are magnets disposed in a circle 
stid wound with соба К, which are ia cireuit 
with а generator which supplies the current 
that maintains the field of forco. Га tho usual 
construction of these machines the armature- 
conductor L is carricd by n scitablo frame, во 
аз to be rotated in face of the magnets J J ог 
between these wagects and another similar 
sot in faco of thom. Tho magnets aro onor- 
gizod to аз to bo of atteruately-onpasito ро 
larity thronghcut the series, бо that as tho 
conductor C is rotated the ourrent impulses 
combino ог are added to ono another, those 
produco by the conductor in any givoa posi- 
tion being all lo tbe samo direction. Toadapt 
such a machine to my systom, I add а second 
sot of induced conductors M, in all respects 
similar to the first, bat во placed with refor- 
ence to it that the currents produced in each 
will differ by aquarter-phase, With such re- 
lations it ls evident that. n$ the ourcont de- 
creases ia conductor L it increases in coo- 
ductor M, and conversely, and that any of the 
forms of motor invented by mo for uso in this 

may be operated by such generator. 

4 is intended to show n motor corro- 
sponding to the machino іп Fig. 3. Тһе con- 
struction of tho motor is idontical with tbet 
of tbe generator, and if coopled thereto it will 
тап synchronously therowith. J’ J’ are the 
field-magaets, and E" ће соја thereon, 1/18 

pre-conductors and M’ the 
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Fig. 5 shows Ia diagram other forma of ma- 
chine. Thegenerator N in this caso isübown 
as consisting of a stationary ring О, wound 
with twenty-four coils Р Р”, alternate coils 
boing connected in sories іп two cirenita, 
Within this ring is a disk or drum Q, with 
projections О’ woand with onergtzing-coils in- 

ded in cirenit with а generator R. By driv- 
ing this disk or cylinder alternating correnta 
are produced iu the coils P and P^, which ero 
carried off to run the several motora, 

‘The motors are composed of a Мая or tn- 
nular field-magnot S, wound with two sets of 
energizing-coils TT”, and armatnras U, Ват. 
ing projections U’ wound with coils V, ail 
connected in series іп a closed circuit or each 
closed independently on itself, 

Suppose the twolvo gonerator-coils P are 
sound alternately in opposite diroctions, so 

hat any two adjacent colle of tho game set 
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lend to produce a freo pole ip the ring О be- 
tween them and tho twelve coils Р? to bo 
similarly wound. A single revolution of tho 
disk or cylinder Q, the twelvo polar projec- 
5 tions of which aro of opposito polarity, will 
therefore produce twelve currens tmpolses in 
сво of tho circuits W W^ Пепсо the motor 
X, which has sixteen coils or oight free poles, 
‘will make one and a balt turns to the zenor- 
ator’s опе, The motor Y, with twelve coils ог 
six poles, Wilf rotate with twico the speed of the 
gonerator, and tho motor Z, with eigbt colla or 
four poles, will rovolvo three times as fast as 
the generator, ‘Those multipolar motorsbavo 
а peculiarity which may bo often utilized to 
groat advantage. Гог example, in tho motor 
X, Fig. 5, tho oight poles may bo eithor alter. 
nately opposite or thero may be at any given 
timo alternately two like cad two op 
poles. This is readily attainod by making 
the proper clectrical connections. Во обесе 
of such a chango, howovor, wonld be thosamo 
л veducing Шо number of poles ono-half, 
‘and thereby doubling thespeed of асу gives 
motor. In theso and other respects it will be 
seen that the invention involves many im- 
portant and valuable features. 

Ttisobvions that tho cloctrical transform- 
ers described in prior patents to mo add 
which havo independent primary curroots 
may bo used with tho gecerators berein do- 
seribed, 

It may bo stated with respect to tbo des 
vicos horoinaftor sot forth that tho most рег. 
fect and harmonious action of tho gonorators 
aud motors is obtained when the numbors of 
the poles of each aro oven and not odd. If 
this is not tho сазе, thero will bo в cortain 
waovenness of action which [3 the loss appro- 
clnble аз tho numbor of polos is greater; but 
oven this may bo іо а messaro corrected by 
spocinl provisions which it is not hero necos- 
sary to өкініп. It also follows, өз а mattor 
of courao, and from tho above-it is obvious, 
45 that if tho numbor of tho poles of the motor 

be greater than that of tho gonorator the mo- 
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tor will revolve ata slower speed than tho 
gonorator. 

What I claim as my invention is— 

1. The combination, with an alternating- ṣo 
current generator comprising independent 
armature-cireuits formed by conductors al- 
tornately disposed, wo that the curronts до 
‘Yolopod therein will differ in pbaso, aod fold- 
magnet poles із excess of the numberof arma 
tare-ircults, of a motor having independent 
onergizing-cireuitsconnected to tho armaturo- 
circuits of tbe generator substantially аз sot 
forth. 

2. The combination, with a source of alter- 
nating currents which diffor in phasoand com- 
prising a rotatiug magagto-clectric machino 
yielding agiven uumber of current impulsos 
or alternations foreach tara or revolution, of 
a motor or motors having iudopendent enor- 

izing-circuits through which tho said cur. 
Tents are caused to flow, and poles which in 
number aro less than tbe pumber of current. 
impulses produced in each motorcircuit by 
опо tura or rovolution of the magneto-ma- 
chine, as set forth. В 

3. Tho combination, with a multipolar’ al- 
ternating-eurreat machino bavipg iudepoud. 
ont induced or curront-gonorating cirevita, of 
motors having independont enorgizing-cir- 
cults acd a smallor number of poles than tho 
gonorator. as sot forth. 

4. Tho combination, with an alternating: 
current generator having indopondent in- 
duced circuits and eonstractod or adapted to 
produce a given numbor of current impulsos 
or alternations for cach {шга or revolution, of 
motors having corresponding enorgizing-cir- 
сайз and poles which {а number nro loss 
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than tho nnrbor of current impulsos pro~ 89 
duco3 in oach circuit {а a turn or reyolution 
of tho gonerator,ta eot forth. 
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To ай whom it may concern: 
Ло It known that I, NIKOLA TESLA, from 
Smitjao, Tika, border country of Austrla- 
Iupgnry,& Subject ot the Eapororof Austrin- 
s Hungary, residing at New York, In thocounty. 
пой State of New York, havo lovonted a now 
and usoful Mothod of Electrical "TrAosmis- 
sion of Power, of which tho following is A do- 
scription, this application being & division of 
sainpplication Шей by meon May 16 1086, So- 
rint No, 273,093, and for tho method of oper- 
nting motors contained in such application. 
. In former patents granted to mel bayo 
hbown and described а systom for the elec- 
15 trical transmission of power characterized by 
tho following particulars: Tho motor contains 
independent energizing circuits and tho'gon- 
erator has corrosponding induced ог current 
gouerating cirenits which are connooted by 
independent lino circuits with those of the 
motor. "'hedisposition of the genarator coils 
ja such that tue currents dovoloped in thocir- 
cuits including thein will have n cortain dif- 
foronce of phase, for exnmplo, that tho maxis 
25 тшт periods of thocurrents gonerated in өле 
of its circuite coincide with the rainimum po- 
Нодз of the currents produced iu the other 
circuit, nud tho corresponding energizing cir- 
cuits of thy motor arc so arranged that Ше 
two ourronts co-operato to effoot a progress- 
ivoshiftiog of the inaguctic polesor the points 
‘of maximum magnotio offect 1а tise motr in 
consequonoe of which a rotation of its mov- 
ablo elomont is maintained. 
Му prosent invention involves this system 
of electrical power transinission; its бла: 
guishing characteristic Ђого tho mode or 
mothod of generating or producing thoalter- 
nating currents which .run or operate the 
motor. 

This invention is carried out in the follow- 
ing way: Instead of genorating directly tho 
alternating curreats ia each of. the ci 
which include tho energizing coils of U 
45 lor, as by menns of the induced coils of a 

magneto electric wachino, I generato or pro- 
doco an ulternnting current in but ono of 
auch circuits directly nnd by mosos of such 
curront induce tho proper current fu the ther 
so cnorgizing motor circuit. Whenl the indo- 
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pendent currents are both produced in tho 
magneto macbine it will be observed thnk the 
two Нос or transmitting circuits will of no- 
cossiiy extend tho entire distance from the 
gonorator to tho motor, but that by the method 5$ 
herein provided, ore lino circuit may be dis- 
ponsud with as one circuit or that from the 
Konorator may bo brought into'tho proper ins 
ductive relation to the other at any desired 
point. D 
"Tho following is illustrativo of tho manver 
in which Tearry‘out this invention: Temploy 
аз a motor, for exainple, а subdivided anni- 
lar feld magnet within which is mbnnted. a 
auitablo armature, such as л eylinder or disk 6: 
wound with two coils at right angles, onch of 
'elosod upon itself.” On opposite sides 
of tho annular field magnot I wind two coils 
of iosulated vireof arizoadapted tocnrry tho 
carceut from the generator, Over Шехо coils 
ог close to thein in any of the well understood 
ways I wind secondary coils. 1 also wind on 
tho annular field magnot midway between the 
fist mioationed coils a pair of coils which T 
connoet up in circuit with the secondary coils, 
"Tho Inst рай: of coils I make of fuer wiro 
than the inain orlive and secondary coils and 
with a greater numbor of convolutions that 
they шау havea greater relative magnetizing 
and rotarding effect than oither of tho other 
By connecting up the main coils in cirewit 
with л gonorator of alternating currents tho 
armaturo of the motor will bo rotated. Itis 
probable that this action is oxplained by tho 
following theory: A current impulso on tho 
lino passing through the main coils estab- 
lishes tho niaguetic poles of tho annular field 
magacts at points midway between said coils. 
Büt this impulso produces in tho secondary 
coils a carrout which, circulating through the 
second pair of energizing coils tends to ostab- 
lish tho polos at points nincty degroos re- 
moved from their first position with the result 
of producing a movemont or shifting of the 
poles In obedionee to tho combinod ma 
ig effect of thotwoscts of coils. This shift- 
ing continued by exch successive eurroot in 
pulesesteblishes what may be termod a rotary 
effort and operates to maintain the armaturo 
In rotation. 
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Io the drawings annexed I bave shown In 
Figaro 1 an alternating current generator ooa 
100100 with a motor, shown diagrammatically 
And constructed iu accordance with my in- 

5 топов, and jo-Fig. © а diagram of a modifier 
form ot motor. 

‘A doniguates any orainary foras of alter- 
nating current zouerator acd В B the lino 
wires for соппеойа the same with the motor. 

Cis the anaular fold maguot of the motor: 

_D D ara two mhia coils wound on opposite 
sides of tho Пар or annular feld aod con- 
pected ор with tbe ling, and baving а tend- 
ency to magnetizo the Hag C with opposito 

4 poles midway between tho two coils, 

Е E aro two other magnetizing coils woond 
midway between colls D D, bot Батіш R 
stronger magnetizing influence for a eurreot 
of given strength than coils D D. 

F F are tho secondary coils which aro asso- 
slated witt the rain coils D Р. They aroia 
ireults which lacludo the coils E E respect: 
ively, the counections being mado ia such 
ardor that curronts induced la coils F and 
circulating In coils E will aot In opposition to 
those in coils D in во far only a» the location 
of the magnetic poles in the ring С fs oon- 
corned 

‘Tho armaturo may bo of пау of tko foras 
used by mo in my altornatlog curront syatem 
and is shown ns wound with two closed coil 
Q H at right eogleo to each other. 

Ја order to prolong the magnetizing елесі 
of the laduced currents in, producing a вЫ 
әд of he poles, I bavo carried the prins 

of the construction exhibited (а Fig. farther, 

thereby obtaiainga stronger sad botter rotary 
effect, 

Roferriag to Fig. 2, Сіз вп anbnlar feld 
ө magont baring threo. palro or oppositely lo- 

cated wets ot polar projections K LA. Upon 
опо ры: of theso projections aa K, the maia 
energiróg colls D ero wound. Over theso 
are wound tbe secondary olis E. Oo tba 
next polar projections L L are woond the sec- 
ond onorgizing colla F which are in olreuit 
with colla E. Tertiary induced coils E’ are 
thea woond over tbe coils F and on the ro- 
malaiog polar projections M the tbird ener- 
giziag сећа F’ aro wound aad connected ор 

To tho circuit of the tertiary coils E’. The 

oyliadrical or disk armaturo osre М in this 

motor has polar projections wound with coils 
тте closed circalts. My object ta con- 
structiag the motor in this way is to efect 
maoro perfeetly a shifting of the points of 
masimam magnetioeffaot. For assuming tho 
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operation of the motor to bo due to the action’ 
above srt fort—tho first offect of а corrent 
impgise in this motor will be to magostize 
tho polo pieces К K, bet tho curront thereby 
Induced in coils E mageetizes the polo pincer 
Land thocurreotirtdiiced іа turn in coils E^ 
inegaetizesthe pole pieces М. The pole picess 
sro not maguatized, at least to their foll ex- 
tent, simultanoously by this means; burthero 
is eaovgh of a retardation or delay to produce, 
а rotary effect or influence upoo the arma- 
tore. ‘Tho application of this principle isnot 
limited to the special forms of motor herein 
shown, as‘any of the double ciroult altornat- 
log catroat motors invented by mo and de 
scribed {a former Letters Patent to шө may 
beodaptedtothesamepurpooe. This meth 

ог mode of productog Шо currents in the in- 
dependent onergizing cirealts of tho motor 
inay be carried out in various ways, and It la 
not material to the Invention broadly oon 
sidered, what devices bo employed із effect: 
log the result, viz: the faduction from or by the 
curzent from the geaerator or souros, of the 
current or currents which co-operate thero- 
with in prodaclog the rotation of the motor, 

I would state that {a using the word geu- 
orator, I megn either » primary genorator, 
ench ав а magneto macblae, or n saoondary 
generator, such as an electrical converter, 
Aud ín claiming proteotion for faduciog the 
current in one set of energizing coils by the 
Current which circulates 16 asothor, I would 
Do anderstood aa including the induction of 
tbo secondary current frou the current front 
tho same soarco as that which traverses tho. 
motor соіа whother it bo flowing in thosame 
branch or part of the cireult or not. 

Wont Lelaim ls— 

21. Tho wothod of operating electro-mag- 
netic motors having independent energizing 
cirealts, ез heroin described, which consists 
ің passing ac alteronting eurroot tbrough one 
ol the energizicg circuits and inducing b; 
such caret the citrrenc іш the othor ene! 
gizing olrouit of the motor, аз set forth. 

f. The method of operating olectro-mag- 
notio motors having independent ouorgizing 
circuits ss heroin described, which consista in 
developing өп alternating current in one of 
said energizing cleeuits nnd indacing thoro- 
by currents io tho other onorglzing cireait or 
сатови, as hereio set forth. 

NIKOLA TESLA. 
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To all whom it may concern: 

Bo it known that J, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria-Hungary, froin 
Smiljao, Lika, border country of Austria-Iun- 
gary, residiug at Now York, in tho cousty 
and Stato of New York, bave invented cor- 
tain now'andusefalImprovementsin tho Eloc- 
trical Transmission of Power, of which tho 
following 18 n specication, reforenco being 
had tothe drawings accompanying and form- 
ing a part of tho same. 

n certaln patents borotofore granted, I have 
shown and deseribed в system of electrical 
power transmission, in which each motor con- 
tained two or moro independent enorgizing 
circuits through which were caused to pass al- 
tornating currents, having in each circuit such 
a difference of phaso that by their combined 
orregultantaction they produced a rotary pro- 
gression of the polos or points of maximum 
imagnetic offeet of tho motor and thoroby 
maintained tho rotation of its movable ele- 
mont, In the system roforrod to aud do- 
scribed in said patents, the production or 
generation of tho alternating currents upon 
the combined or resulant action of which tho 
oporation of tho system depends, is effected 
by thoomployment of an alternating carront 
generator with independent induced cironits 
whieh, byreason of tho windingor other con- 
struction of the generator produced currents 
differing іп phase, aud theso ourreats wero 
convoyed directly from the generator to tho 
corresponding motor coils by independont 
linea orelreuits, Ihave, however, discovered 
another mothod of operating these motors, 
which dispenses with ono of the line circuits 
and enables mo to run the motors by means. 
of alternating currents from a single original 
source. 

Broadly stated this invention consists in 
passing alternating currents, obtained from 
опо original source, through both of tho on- 
ergizing cirewits of the motor, and rotarding 
tho phases of tho current іп one circuit ton 
greater or less extont than in the othor. 

‘Tho distribution of current between the 
two motor circuits may bo effected by induc- 
tion or by derivation. In other words, I шау 
pass the alternating current from the source 
through ono energizing cireuit and induce by 
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such curront a second current іп the othor 
evorgizing eirevit. Or, ол the other band, I 
may connect up the two onergizing circuits 
of the motor in derivation or multiple are 55 
with tho main circuit from tho source. In 
either ovont I mako duo provision for main- 
taining a difference of phnso betireon thecur- 
rents in the two cirenits or branches. 

In carrying out my invention Ihavo used 6o 
various menos for securing this- result, For 
example, whon I induco A current in ono of 
the circuits fron the currentMlowing in Шо 
other, I omploy а form of converter or bring 
the two circuits into such inductive relations 65 
as will produco the necessary diferenco of 
phase, Or, when I obtain the two energizing 
currents by derivation, I make tho two ci 
cuits'of difforont degroes of self induction by, 
insorting a resistance or a self induction сой зо 
in ono of said circuits, or I combine theso de- 
vices in difforont ways as I shall nore apeci fi 
cally describe hereinafter. 

"Thenecompanying drawings to which Inow 
rofer in furthor illustration of my invention, 75 
are a series of diagrams illustrating, not tho 
specific constrnetion of tho particular devices 
which I may or may not have used, but rathor, 
tho electrical connections and rolatious to bo 
adopted in carrying out tho prosont system во 
by ineans of device which aro, now woll 
koown. 

Figuro 1 is a dlagram illustrating thometh- 
od of operating the motors by inducing ono of 
the energizing currents by tho othor. Гіл. 85 
is а similar diagram of tho wethod of operat- 
ing the motors whore the two energizing onr- 
rents aro obtained by dorivation from a sin- 
glosource. Fig.3isn modified application of 
this principle. » 

Referring to Fig. let A ropreseat the 
sourco of alternating currents which are to 
bo utilized in operating the motor or motors. 
It will be understood that considered аза 
source of current it may bo either a primary 
or secondary generator. 

В D designate the conductors of the cirouit 
which convey tho alternating currents to one 
or moro motors. ‘The motor has two enorgiz- 
ing circuits or seta ofcoilsCD. Ono of thase 
circuits as C is connectod directly with the 
circuit B. Tho other set of voils ss D, is con- 
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nected up m the secondary circuit of an elec- 
trical transformer ог induction coil T. The 
primary coil P of this transformer, is included 
inthecireuit В. ‘The alternations of current 
in tho circuit B tend to establish in their pas- 
sago through the coils C, a polarity at right 
angles to that set up by the coils D, and if 
tho currents in the two sets of coils accorded 
in their phases, no rotary offect would bo pro- 
duced, “Butthe secondary current developed 
in tho coil P^ of tho transformer, will lag bo- 
hind that in tho primary which Ing or re- 
tardation may be Increased ns I havo shown 
їп anothor application, to-a sufficiont extont 
to practically obtain tho samo result as though 
two independent sMonating carronts woro 
used to enorgizo the motor. 

In Fig.2 tho two onergiziog circuits of the 
motor aro shown connected in multiplo are 
to the eireuit B B, nud in one of thesecireuits 
їз a resistance It. Assuming the two motor 
circuits to bavo tho samo self induction and 

tanco по rotary effect will be produced 
by tho passage through Шеш of an alternating 
currant from tko sourco A. Dutifonoof the 
motor circuits, ая C, bo varied or шой ей by 
tho introduetign of a dead resistanco R, tho 
self-induction of that circuit or branoh із ro- 
duced, and Ше phases of current therein ro- 
tarded to д correspondingly loss oxtout. The 
relativo degreee of retardation of tho phases 
of the corrent Ln о two motor cireuite with 
respect to Шоз of the unretardod éarrent in 
the circuit B thus produced, will set up A ro- 
lation of tho motor which шау bo practleally 
utilized for many purposes. 

In Fig. 3, tho arraugoment of the parts is 
siinitar to hat shown in Fig. 2, excopt that a 
solf-faductioncoll ав 58 is lntrodocod into ono 
branch or encrgizing circuit of the motor. 
‘The effect of thay incrousing tho solf-indue- 
tion in one of tho cireuita isto retard the 
phases of the current passing therein to a 


greater extont than in the other cireuit, and 
Та this way to secure the necessary differonce 
in рһазо vetwoen the two energizing currents 
to produce the rotation of the motor. 

In an application filed, of oven date horo- 
with, I havo shown and described other ways 
of accomplishing this result, among which 
may bo noted thointroduetion of a resistanco 
capablo of variation iu each motor circuit, or 
the uso of a resistance іш ono circuit and a 
solt-induction coil in the other. 

In tho above description I have roferred 

моју to motors with two onergizing circuits, 
but itis evident that the iuvention applies 
equally to thoso in which there aro morethan 
two of such circuits, the adaptation of the 
samo being a matter well understood by those 
skilled in the art. 

I do not claim in this application tho spo- 
cific dovices employod by ine in carrying oat 
the invention, having made theso the eub- 
jects of otbgr applications, 

‘What I айт horoia is— 

1. Tho method of oporating motors haviug 
indepondoat onorgizing cirenits, as heroin act 
forti, which consists In passing alternating 
curroats through Бош: ог the said circuits an 
retarding tbe phasas of the curront in ono 
circuit to в greater or loss oxtont thnn in tho 
other. 

2. The msthod of operating motors having 
independent onorgizing circuits, as heroin sot 
forth, whieh constatsia directing an altornat: 
ing curront from a singlo sourco through both 
clreaits of tho motor nnd varying or тойну. 
ing tho relativo reslstnneoorsolf-Laduetion of 
the motor circuits aud thoroby produciag ia 
tho currents differeaces of phage, as set forth, 
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Application Не Decr: 
To all whom it may concern. 

Be it known that J, NIKOLA TESLA, а sub- 
Jectof the Emperor of Austria-Hungary, from 
Siniljan, Lika, bordercountry of Austria- Hun- 
gary, g at New York, in the county 
and State of Now York, havo invented 
tain new and useful Improvements in Sys: 
toms of Electrical Power "Transmission, of 
hich the following 


ing and forming a part of tho 
„Та certain patents heretofore granted, 1 havo 
shown and deseribet a system of electrical 
power trausmisaion in which each motor con- 
tained two or moro independent onergiziag 


cirenits tUrough which wore caused to pass | 


ulternating enrrents having in each circuit 
such diforenco of phaso that by their com- 
ined ог resultant action they produced а ro- 
тағу progression of tho polesor points of max- 
imum magnetic effect of tho motor and thoro- 
by maintained the rotation of its movable 
clement. fu the system reforrod to and do- 
soribed in tho said patents tho production or 
generation of tho alternating curronts, upon 
the combined or resultant effect of which the 
operation of the system depends, ts effected 
by the employmont of an alternating carent 
generator with independeat induced circuits. 
which, by reason of Ше winding orother con- 
struction of tho generator, produces currents 
differing in phase, and those currents arecon- 
veyed directly from the generator to the cor- 
onding motor coils by independent lines 
or circuits. 1 have, however, discovered that 
I may produco tho same ог а similar result 
by an alteruating current (тош a singlo origi- 
nal sourco using between tho generator and 
anctor but opo liue or transmission eiretit. 
Broadly stated, this system ог method in- 
volves а source of alterpatiog or equivalent 
currents, a siglo transmission сігеші: 
tor having independent energizing 
connected with or adaptod for connection 
with the transmission circuit, means for ren- 
doring tbe maguotic effects dus to the ener- 
siting circuits of difforeat phase, and an ar- 
tuature within tho influenco of the onergi 
ing cirenits; the means foraccomplishing this 
result boing of such a nature as to retard tho 


ont in ono onorgizing circnit toa greater 
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or less extent than inthe other. Tho distri 
bation of the main or original current through 
the two motor circuits may Le effected by in 
duction or by derivation. In other words, 1 у 
may pass the alternating current from tho 
sourco through one energizing circuit, and in. 
duce by such current a second current in tic 
other energizing ciremit. Or, on the othor 
hand, 1 may connect up tho two energizing бо 
сай» of the motor in derivation or multis 
ple are with the main etrenit from tho source. 
Та either eveut I maku due provision for main. 
taining n differonceof phase borween осше 
rents in tho two cirenits or branches. 

Ти an application filed by me May 15, 1888, 
Serial No. 273,993, Lhaveshawn and deseribad 
the means which I have employed for secur 
ing this result by inducing one energizing 
current from tho other 

My present application relates to the means 
employed when the two energizing curronte 
ure obtained from a singlo original soures by 
derivation. 

In explanation of what appears to bo the 75 
principle of the operation of my inveution 
and of the functions of the several (astra: 
montalities comprised thereby, lot it bo as- 
sumad that the two energizing circuits of an 
alternating current motor, such, Гог example, ве 
as [have described in my Patont No. 382,250, 
dated May 1, 1888, aro connected up in deri 
vation or multiple are with the conductors 
of a circuit ineluding an altornatiag current 
generator. It is obvious that if both circuits ts 
аго alike and offor the samo resistance to tho 
passage of the current no rotary effect will be 
produced, for although tho periods of tho cur 
rents in both cireuits will lag or bo retardod 
to a certain extent with respect to an un- ge. 
retarded current from tho main circuit, thoir 
phases will coincide. If, however, tho coils 
of one circuit havo a greater number of cou. 
valutionsaround thecores, or a solf iudaction 
coil bo included in ouo of the cireuits, the 95 
phases of the current іп that circuit aro re- ~ 
tarded by the increased self induction. Tho 
degree of retardation голу readily bo secured 
by these means which will produco the dif- 
ference in electrical phase between tho two roo 
currents necessary for the practical operation 
of the motor. If in lieu of increasing thy 
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self iuduetion of one circuit a dead resist- 
ance bo inserted, the self induction of such 
«телі exerts a correspondingly diminished 
effect, and the phases of tho current flowing 
5 in that brauch are brought more nearly in 
unison with those of an unretarded current 
from the main line and the necessary dier- 
ence of phase botween the currants in thetwo 
energizing circuits thus secured. I take ad- 
ntago of these results in soveral ways. 
For example, I шау insert variable resist- 
ances in both branches or energizing cireuits 
and by varying one or the other so as to bring 
tho phases of the two currents more or less in 
unison with those of the unretarded current, 
1 may thus vary the direction of the rotation 
of the motor. In lieu of resistauces I шау 
employ variable self induction coils, in both 
cireuits, Or I may use a resistance in опо 
and a self induction coil in tho other and vary 
either or both. This system or means of op- 
crating Шо motors is rendered of great prac- 
ді value by employing an armature wound 
with energizing coils closed upon themsolves, 
in which currents are iuduced by the altor- 
mating currents passing in tho field coils that 
servo to greatly inerease the mutual attract- 
ive effect between thoxrmature and tho field 
magnets. This uso of tho armaturo with 
closed coils I regard as au important featuro 
of my invention. "heso several features of 
the invention I shall nowdeseribo moro in de- 
tail by reference to the accompanying draw- 
ings. 
igure 1 is a diagram of the system in 
which the motor coils or energizing circuits. 
аге in derivation to tho main line with a dead 
renistaneo inserted in one circuit. Fig. 2 is 
diagram showing dead resistances їп both 
motor cizcults. Fig. 3 is a diagram showing 
a self induction coil in ono motor circuit. 
Fig. $ is a diagram showing в dead resistance 
in one cireuit and а self iuduetion coll in tho 
other. Fig. Sin like manner shows a self in- 
duction coil in cach motor circuit. Gis 
а diagram showiug the two motor eireuits of 
didforent electrical character. Fig.7 isa 
gram illustrating means. for varyiog at will 
tho electrical character of tho motor circuits. 
Referring to Fig. 1, A designates а suitable 
source of aitornaling ewrrents and B В the 
lino wires running therefrom. Jt will be 
derstood Urut the generator A may be a pri 
mary or sceondary generator, aud the line I; 
B may bo tho main transmission eircuit ога 
local cirenit from a transformer connected 
at any point in the line of а main ог trans- 
mission circuit, For convenienee in this 
case, it will be considered as a lide from а 
given source of currant to one or moro motors. 
‘The moter contains a given number of pole 
pieces sv. und with two sets of coils Cand D. 
‘The armature is wound with permanoutly 
closed energizing coils E in which eurronts 
ure developed by inductive action when the 
motor is in operation which magnetize the 
armnturo core end greatly facrease the ef- 
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ciency of the motor. Assuming tho tiro mo: 
tor circuits to have the samo degroo of self 
induction and resistance no rotary effect will 
bo produced by tho passage through them of 
an alternating current from the source A. 
But if in one of the motor civeuits, as D, A 
dead resistance represented by R bo intro: 
duced, the self indnetion of (чаї circuit or 
branch is reduced and the phases of curront 
therein retarded to a correspondingly less 
extent. Tho relative degrees of retardation 
of the phases of tho current in tho two motor 


circuits with respect to those of an unretarded 
current from the circuit B thus produced will 
set up à rotation of tho motor which may bo 


practically utilized for many purposes. 

1f, as in Fig. 2, а dead resistance It, R' be 
introduced into each motor circuit, no rotary 
effect will be produced as long as tho resist- 
ances are equal, but by varying tho resiste 
ance in ono circuit the retardation of tho cur- 
rent in that circuit will bo varied, and corre: 
sponding effects produced. For example, 
roduction of the resistance іп ono eircuit На: 
parts to the motor rotation in ono direztiori 
while a reduction of the resistaneo in tho 
other circuit will produco a rotation in tho 
opposite direction. Ву means of tho tivo ro- 
sistaaces, therofore, capable о? variation or 
of being bodily witudrawn from or inserted 
in the cirenits by any well known means, a 
perfoet regulation of tho motors is soonred, 

In Fig. 3 tho arrangement. оГ all tho parts 
is similar to that shown in Fig, 1 exeept that 
а self induction coil as S is introduced into 
опе branch or energizing cirenit of the motor. 
‘The effect of thus increasing tho'self induc- 
tion in one of the circuits is to retard the 
phases of tho current passing therein to n 
greater extent than in the other cirenit and 
in this way to sceuro the necessary difference 
in phase between the two energizing eurronts. 
to produce the rotation of tho motor. 

n Fig. 4 а self induction coil S is included 
іш one of the motorcircuitsand a dead r 
ance R in the other. ‘The increased self in- 
duction in ono circuit thus produced acts to 
inereaso the difference of phase between tho 
current in such motor circuit and the unre. 
tarded current in tho main line 1. Оп the 
other band, the introduction of the dead re- 
si: се in the other motor citeuit roduces tho 
retardation and brings tho phases of the сог 
rent therein more closely ipacoord with those 
of tho unretarded current, thus producing a 
correspoudingly greater difference of phaso 
between Ше two currents in the enorzizin, 
circuits Cand D 

In Fig. 5, two self induction c 
shown, one in each motor or enorgizinz ci 
cuit. Oneof thesecoils as S'is much smallor 
than the other and bas less self induction or 
counter electro motive force than the other, 
во that the phases of current will bo retarded 
to a less extent than in the other. ‘The two 
self induction coils may be of tho samo char- 
actor or size if it is desired to use but one at 
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а time for the purpose of reversing tho п 
er if they be constructed in woll Known w 
so that they may be varied. 
7 the usual means for varying th 

"or self-induction of tha motor 
cuits at will aro indicated by the lover M sli 
ing over a series of resistance plates, aud bya 
сого N which is adapted to be moved in and 
ont of the indu i 

imilar results may bo secured Ly such а 
constru ion of the motor as 


tor, 


ne set of energizing coils u 
he of finer wiro than the other, or hav 
gronter number of eonvolutions, or each cir- 
cuit may contain the same number of convo- 
Vations, but composed of different conductors, 
ақ, for instanco, ono of copper, the otber of 
German silver, I have represonted t 

6, iu which tho coils C aro indicated by 
closer lines than coils D. 

‘Thereareuther waysof varyingthoretarda- 
tion due to the self induction in tho two ene 
xizing circuits. For example, tho motor сої 
шау be all alike, but (нозо of ono en 
circuit connected іш parallel whilo the othe: 
аго connected in series, or the connection 
each energizing circuit may be alike, bnt tho 
currents directed through them may bo of 
different strength, as when one of the cur- 
rents is supplieil froma sourcoof higher elec- 
tro-motive force. 

In the above description 1 bavo referred 
mainly to motors with two cnergiziog circuits, 
but it is evidont that the invention applios 
equally to those in which theroare more than 
two of such circuits, tho adaptation of the 

me being a matter well understood by those 
skilled in tho nrt. 

Tn using in the claims tho terin activo re- 
sistance as applied to tho motor cireaits in 
this ease, it will bo understood that the torm 
rofers to the opposing ог retarding forco ex- 
isting in tho circuits to tho passage of the al- 
ternating currents. ‘Thus, tho two cirenits 
тау have tho samo dead rosistance, but dif- 
feront degrees of solf induction. 

What f'claim as my iavention is— 

1. Tho combination with n source of alter- 
nating currents, and a circuit from the samo, 
of n motor having independent energizing cir- 
cuita connected with tho said circuit, and 


1 
upon the application of Nikola "Tesla, of 


hereby certified that in Letters Patent No. 511,560, granted December 26, 1803, 
Now York, N. Y., for an improvement. 


means for rendering the magnetic effects duo 
to said energizing circuits of difforent phaso 

uro within thoiofivencoof вай 
energizing circuits. 

2. "The combination with a sourco of altor- 
nating currents and a circuit from the sama 
of a motor having indepondent enorzizing сї 
cuits connected іп derivation or multiple аге бо 
with the said cireuit, tho wotor or energizing 
circuits being of different electrical character 
whereby tho alternating currents therein will 
have а differonco of phase, as set forth. 

3, ‘The combination with а sourco of altor- 
currents and a cirenit from tho sam 
of a motor baving independent oporgizingeir- 
cuits connected in derivation or multiplo are 
with the said circuit and of difforont active 
resistauce, ns set forth. 

3. Та an alternating current motor, tho com- 
bination with feld magnots, of independent, 
energizing circuits, ndaptod to be connected 
in multiplo are with tho conductors of tho 
line or transmission circuit aud a rosistanco 
ог self induction сой in опо or both of the 
said motor circuits, as sot forth, 

5. Inan alternating curront motor, tho com» 
bination with Шо field magoots or cores of in- 
dependent enorgizing coils adapted to bo con: 
nected fn multiplo arc with tho lino or trans- 
mission circuit, and a variablo resistanco or 
solf induction coil included iu ono or both of 
the motor circuits as sot forth. 

6. Inanaltorvating curreat motor, tho com- 
bination with tho fiold magnets or coros and 
independent enorgizing circuits of difforont 
activo rosistanco and adapted to bo connec! 
with tho lino or transmission circuit, of an 
armaturo wound with closed onergizing coils 
ог conductors, as sot forth. 

7. Tho combination of a gouorator of altor- 
nating currents, n pair of mains connocted 
thoreto, а multiplo circuit differential phnso, 
And an electric motor baviog ono circuit co 
nected directly to said maios, and the othor 
circuit connected to said mains through an 
interposed olectro-motivo phaso-changing do- 
Yicoadapted to chango the timo period of the 
curronts passing through it. 

NIKOLA TESLA. 

Witnesses: 


FRANK E. Mantizy, 
FRANK В. МИПРШҮ, 
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“Systems of Electrical Power Trausmission," an error appears in the printed specifica- 
tion requiring correction, зв follows: Iu line 95, page 3, the words “aud on" should 


bo stricken out; and that the sa 
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Letters Patent should be read with this correction 
v may conform to the record of the case in the Patent Office. 
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To all whom it may concern: 

Be it known that Т, NIKOLA Testa, a sute 
ject of the Emperor of Austria, from S 
ТАК, border country of Austri ‚ге 
Siding at New York, in the county and Stato 
of New York, have invented eértain new and 
useful Improvements in Methods of Electrical 
Power Transmission, of which the folloming 
is а specification, reference being had to the 
drawing accompanying and forming a part 
of the same 
ication is for а specific method of 

power electrically, shown wad 
Avseribed in, and covered broadly by the 
clnims nf. an applicution filed by me February 
18, 1889, Хо 300,290. 

‘Avis Well Known, certain forms of nlieenat- 
ing-eurrent machines have the property, when 

'cuit with ap alteroating-cur- 
rent generator, of running es n motor in syu- 
chronism therewith; but, while the alternating 
curroot will run tbe motor after it has а? 
tained n rate of speed synchronous with that 
of the generator, it will not start it; henes, in 
All instances heretofore where these “syn- 
chronizing motors,” as they аге termed, have 
been run,&ome means bave been omploy ed to 
bring the motors up to synchronism with tho 
generatur, ог approximately во, before the 
Alternating current of the generator їз applied 
todrivethem. Ји some instances mechanical 
Appliances have been utilized for this pur- 
“pose. In others special and complicated 
forms of motor havo been constructed. 

Му present invention is an improvem. 
methods of operating these motors and їп. 
volves а new and improved plan of bringing 
the motor np to the proper rate of speed, that 
it may be run іп купећговівю with the gen- 
orator. 

"Tbe expression “synchrouism with tho gen- 
trator" used herein în its ordinary accepta- 
tion—that is to say, a motor is said to syn- 
chronize with the generator when it preserves 
© certain relative speed determined by its 
number of poles and the number of altorna- 
tious produced per revolution of the goner- 
шог. Из actual вроса, therefore, may be 
faster or slower than tbat of the gencrator, 
but it ie said to be synebronous co long as it 
preaerveo the same relative speed. 


Та carrying out my present invention I con- 
struct а generntor with two coils or seta of 
coils and п motor with corresponding energize 

с coils or sets of coils, Hy means of (жо 55 
liv-wires ono terminal of each generator-coil 
ог set of coils is connected to ouo terminal of 
its corresponding motor-coil or wet of coils, 
While tho opposite torminals of the generator. 
cuits nre joined together nod likewise those of бо 
tho motor. 

"To start the motor 1 establish temporarily 
‘an electrical connection botwoen tbe points of 
Gonnectiut between the coils in the gengrator 
and those in the motor, во that the eystem 65 
becomes an ordinary double-eirenit system 
identical with that described in my pntent, 
No. 390,413, of October 2, 1888, excopt that tho. 
generator and motor aro constructed in алу" 
Well-known way with a strong tendency to то 
synchronize. When by this plan of connec- 
tion the metor has attained tho desired арид, 
the earth- connection іч severed, by which 
means the system becomes an ordinary singin. 
circuit synchronizing system 

In tho drawing | have llostrated this 
method by п diagram. 

LetG representan ordinary altornating.cur- 
rent generator having four field. poles A, рег 
manently ог artificinily magnotized, and an 
armature wound with two coils C connected 
together in sorics. 

Let M represent an alternating-curreut mo. 
tor with, say, four poles D, the coils on which 
are connected in pairs und tho pairs connected 
in series. ‘The motor-armaturo should have 
polar projections and closed coils E. 

From the common joint or union botwoen 
the two coils or sota of coils cf both the gen- 
erator and motor an earth-connection F is es- 
tablished, while the terminals or ends of the 
said coils or circuits which thoy form are con- 
nected to tho line-condsietors IL И. 

Assuming that tho motor is а syneüronizlug 
motor, or one that has tho capability of run. 
ning in synchronism with tho generator, but 
notof starting, it may bestarted by the above. 
described plau by closing Ше ground +. ове. 
tion from both generator and motor. Tho 
system thus becomes ons with a two-cireuit 
generetor and motor, tho ground forming а 
coinmou tetaru for the cartis in the two 
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wires ПОП, When hy this arrangement ot 
‘lrenits the motor is brought to speed, the 
groandconncetion is broken bétween the gen- 
erator or motor or both and ground, switches 
К К being employed for this purpose. The 
motor then runs a3 a synchronizing motor. 

"his system is capable of various useful ap- 

lications which itis not necessary to describe 
in detail; but it will be enough to say that the. 
"onvertibility of the system from double cir- 
cuit ta single cirenit is a feature in ЛЕ of 
great value and utility, 

1 do not wish to be understood ns con&aing 
myself to thu precise arrangement or order of 
oonnectii herein set forth, аз these may be 
obviously varied in many respects. 

What I claim is— 

1. The method of operating synchronizing 


motors herein described, which consists in 
electrically connecting intermediate points of 
the induting-cireuit of the generator and the 
energizing-cirenit of the motor until tho motor 
has reached n desired speed and then inter- 
rupting euch connection, as eet forth. 

2. The method hereia described of atarting 
or operating synchronizing motors, which coo- 
sists in electrically connecting intermediate 
pointsof the indocing-cireuit of the generator 
‘and the energizing-cireuit of the motor to 
earth until the motor has reached the desired 
speed and then interrupting either or both of 
the ground-connections, as set forth, 

NUCOLA, TESLA. 

Witnessce: 


‘EDWARD T. КУКА, 
X. C. Орвтил, 
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Fo ай whom it may concern: 

Be it known that I, NIKOLA Testa, of Smil- 
{an Lika, border country of Austria-Hangary, 

ave invented сөгіліп new and useful Im- 
5 provements in Blectrie-Aro Lamps, of which 
the following ів а specification. 

My invention relates more particularly to 
those arc lamps in which the separation aud 
feed of the carbon electrodes or their equiva- 

to lenta is accomplisbed by means of clcetro- 
mnguets or solenoids in copnection with suit- 
ablo clotch-mecbanisim; and it is designed to 
remedy certain faults common to the greater 
part of the lamps heretofore made, 

as The objects of my inventiou are to preveat 
the frequent vibrations of tho movable clec- 
trode and flickering of the light arising thero- 
from, to prevent the falling into contact of tho 
electrodes, to dispense with tho dash-pot, 

зо clocl-work, or gearing aud similar devices 
hezotofore used, and to render tho lamp ex- 

tremely sensitive, and to feed tho carbon al- 

most iipperceptibly,and thereby obtain avery 

steady and uniform light. 

Tn that class of lamps where the regulation 

of the аге is effected by forces acting іо oppo- 
sition on a free movable rod or lever directly 
connected with tbe electrode, all or some of 
the force? being dependent on the strength 
of thecurrent,any change in theelectrical con- 
dition of the circuit causes a vibration aud a 
corresponding flicker in the light. bis dif- 
ficulty is most apparent when there aro о: 
a few lamps in circuit. ‘To lessen this di 
35 culty; lamps have been constructed ju which 
tho lever or armature, after tho establishing 
of tho arc, is kept in a fixed position and cau- 
not vibrate during the feed operation, the feed 
mechanism acting independently; butin these 
lamps, when a clamp is employed, it frequently. 
occurs that the carbons come into contact aud. 
the light is momentarily extinguished, aud, 
frequently, parts of the circuit are injured, Iu 
‘both these classes of lamps it has been custom- 
ary to uso dash-pot, clock-work, ог equiva- 
lent retarding devices; but these are gener- 
ally anreliable and objectionable, and iucrease 
the cost of construction. 

My invention is intended to effect the de- 
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sired olyeeta and to remedy the beforomen: 50 
tioned defects. I combine two electro-mag- 
nets—one of low resistance in the main or 
lamp circuit, and the other of comparatively 
Magn resistance in a shunt around the arc—a 
movable armatüre-lever, and а novel fod 54 
mechanism, the parts being arranged во that 

in the normal working position of the arma- 
ture-lever the samo is kept alwost rigidly ia 
one position, and is not effected even by con- 
Siderablo cbanges in the «ісігі creuit; but бо 
if the carbons fall into contact tho armaturo 
will be actuated by the magnets 50 as fo move 
the lever and start the а.с, and hold the car- 
bons until the arc lengthens and the агь 
tarelover retarus to the normal position. 6 
After this tho carbon-rod holder is released Бу 
tho action of the feed mechanism,so аз to feed 
the carbón and restore the arc to its normal’ 
length. 

Му invention consists, mainly, in the parr зо 
ticular manner іп which the armature is com- 
bined with tho magnets and acted пров by 
them and in the feed-controlliug mechanism, 

Iu the drawings, Figuro 1 is an elevation of 
the mechanism made use of in the electric 75 
lamp. Fig. 2 isa plan view of the same be- 
low the line xz. Fig. 3 isan elevation of tho 
balancing lever and sprig, and Fig. 4isade- 
tached plan view of the pole pieces and arma- 
tares upon the friction-clamp, and Fig. 5 is а So 
section of the elamping-tabe, 

M із а helix of coarse wire in acireuit from 
the lower-carbon bolder to the negative bjnd- 
iog-serew 

N ig a helix of finewire io a shunt between 86 
the positive binding screw + aud the pegativo 
binding-screw —, ‘The upper-carbon holder 
S is a parallel rod sliding through the plates 
575 of the frame of the lamp, and hence Ше 
electric current passes from the positive bind- go 
ingpost 4- through the plate S', carbon. 
holder S, aod upper сагъой to the lower car. 
bon, and thence by thé holder unda metallic 
connection to the helix М. 

"he carbon-holders are of any desired баг. оғ 
acter, and to iusure electric convections the 
springs 1 are made use of to grasp the upper- 
carbon holding rod S, but to allow the rod tọ 


P-196 
2 


glide freely through the same, Those springa 

y the 
screw m, and the spring! may be sustained 
1 have shown 
ed with the upper end of the 


1 way be adjusted in their pressare 


upon any suitable support. 
5 Шеш 
core of the mv 


м. 


Around the carbon-holding rod S, between 

the plates 8 57, there isa tabe, R, which forms 

u clamp. ‘This tubs is conaterbored, as зееп 
(o in thes ig. 5,30 that it bears upon the 


rod $ aLits upper end and near the middle, aad 


at the lower end vf this tabolar clamp К there 
arearmatoreaegientsrof gofLiron. A frame 
п, extendiog, preferably. from the core 


anm 
15 №, supports the lever A by a falcram-pin, о. 


„Tbis leven A bas a hole, tbrougb which the 


upper end of the tabular clamp В passes freely, 


and from the lever А їз a link, q, to the lever 
ing upon 
‘This lever 4 bas au 


t, which lever is pivoted at y to a 
зо one of tho columus 8'. 
‘opening or bow surrounding the tubular clamp 


X, and there are pins or-pivotal connections 


w'betweeo the lever t and this clamp В, aod 
a spring, r*, nerves to ви 
weight of the parts dnd. 
nearly во. 

- able. 

Atoneend of the lever А Isasoft iron arma- 

tore block, а, over the coro M of the helix 

зо М, aud tbere is preferably a liipitiog screw, c, 


passing through thisarmatyre-block a, aod at 
the other end of the lever A is а soft-iron arma- 


ture:block, 5, with the end tapering or wedge: 
abaped, aod the same comes close to nad іо 


35 Паё with the lateral projection e on the core 
The lower ends of the cores М” Х' aro 
projecting pole-pieces М" 


x. 
made with later 
№», respectively, and these pole: pices are con- 


cave at their outer ends, aud аге at opposite 
4o Bides of the armature segments / at tbe lower 


end of tbe tabular clamp R. | 
‘Tue operation of these devices is as follow 


То the coudition of inaction the upper carbon 


Tesis upon the lower one, and when tho eur- 
5 rent is turned on the electricity passes freely, 
by the fra 
avd carbons to the coarse’ wire uud li 
aud to the negative binding. post 
сого М“ thereby ів energized. Tbe pole 


go М' attracts the armature r, and by the lateral 
pres causes the clamp R to grasp the rod 
у, and tho lever A is simultaneously moved 


from the position shown by dotted lines, 
1, tothe normal position showa in foll lines, 
and inso doingthe link gandlever tare raised, 
\ Jifting the clatip 1 and rod S, separating the 
carbonsandformingtbeare. Tbe magnetism 
of the pole piece е tends to bold the lever А. 
level,or nearly во, the core № being energized 
бо by tho current in the shnnt wl:eh contaios 
the helix N. In this position tbe lever A 
тоё moved Uy ordinary variation in the elee- 
tric current because Ше armature) is strougly 
attracted by the magnetism of and these parts 
65 аго с10:4 to each otber, aod the magnet 
6 mele at right angles to the magnet 


m of 


рроп ог suspend the 
alanco tho ваше, ог 
This spring Is preferably adjust- | 


c and spring 1, through the rod 8 


Fig. т 
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the core М. If, now, the are becomes too 
long, the current through the helix M is less- 
sened, and the magaetiam of the coro № is in. 
creased by the greater current passing through 
the shunt, and this core N* attracting the seg- 

tal armature ғ lessens tho bold of tho 
clamp R upon the rod, allowing tho latter to 
slide and lessen the length of the are, which 
instantly restores the magnetic eqnilibrium 
and causes the clamp R to hold the год S. И 
it bappens that the carbons fall into contact, 
then the roagactism of № is lessened во much 
that the attraction of the magnet M will be 
sufficient to move the armature a aud lever A 
зо that the armature 5 passes above the пог 
maleposition, во аз to separate the carbons io 
stantly; but when the carbons bora away а 
greater amount of current will pass through 
the abunt until the attraction of tho core N' 
will overcome the attraction of Шо соге M' and 
bring tho armaturo-lerer A одаја into the nor- 
тла] horizontal position, and this occurs before 
the feed can take placo. The segmental arma- 
toro pieces ғ aro shown as nearly semicirenlar. 
They may be square or of any other desired 
sbape, the ends of the pole-picucs М' № being 
made to correspond in shape. 

J claim as my invention— 

1, The combiaation, in an electric-arclamp, 
Gf the electro-tagoets in the main and shunt 
circuits, respectively, an armaturelever and 
connection to the movable carbon holder, the 
соге of tbe shunt magnet passing across the 
end of the armature lover, substantially as sot 
forth, во that the two magnets act іш co 
tion on the armature lever in moving Ше 
bon to form the are and in opposition to 
otber beyond Ше nurmal position of Ше аға) 
turelever, substantially ns specified, 

2. The combination, with the carbon: holt. 
ers, of two magnets, one їо tho main тень 
дәй tho other in a shunt circuit, and an armia: 
torelever to draw the arc, aud a feeding 
mechanism пой pole pieces upou the electro 
magneta to act upon the feeding mechanism 

aatantially as specified. И 

3. "The combination, with the carbon hold. 
crs, of two magnets, one іш the main circuit 
and tbe other іш ashnat-cirevit, aud an arma 
tnrelever between two poles of such clectro 
| magnets to draw tho are, and а feeding mech 

ism and pole pieces ороп the other twv 
poles of the electro-magoeta to act upon the 
feeding mechanism, substantially as &pecilied. 

4. The combination, witb Шо carbon hold: 
ing rod in an electric arc мар, of the clamp 
R, lever f, spring "2, armaturelever A, and 
eleciro-magnets М N in the main and еп 
circuits, respectively, tbe pole pieces МУ №, 
and armature segments ғ, substantially as set 
forth. К 

5. Thecomblnation, with the carbon holder, 
ofa tubular clamp surrounding the same, an 
armature-lever connected to said tubular 
clamp, and electro magnets in the unin and 
sheat eircuits,respectivety, andarmature-tis; 
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meats upon {be tubular clamp adjacent to the | 1nto action or releasing it, substantially assot то 
Tateral poles of the electro-magnets, substan- | forth. 
tially as set forth. Signed by me this 25th day of March, A. 

6. In an clectric-arc Inmp,tbe combination, | D. 1885. 

5 With the carbon-bolding rod, of а clamp, two 
armatures upon the clamp, and clectro-mag- 
nets in Ше -main end sbunt circuits, re- Witnesses: 
spectively, the poles of which act upon the Сео. T. PINCKNEY, 
armatures of the clamp for bringing the same Cras. Н. 8мтти. 
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To alt whom it may concern: 

Be it known that I, NIKOLA TESLA, of Smil- 
Jau Like, border country of Austria-Mnogary, 
have invented certain Improvements in Elec: 

« tric-Are Lamps, of which tho following is a 
specification. 

Іп another application, Хо. 160,574, filed 
by me March 30, 1885, I have shown and de- 
scribed a lamp having two magnets, in the 

10 wain and shunt, circuits, respectively, an ar- 
mature-lever, and feed-mechanism coouected 
to the armature-lever, 

Му present invention consists in some modi- 
fications of eud improvemeats upon the de- 

15 vices shown in the application referred to. 

Тр my present invention I further provide 
means for automatically withdrawing a lamp 
from the-cireuit, or cutting өш the same, 
when, from a failureof thé feed, thearc reaches 

зо аз abnormal length, and also means for auto- 
matically reinserting such lamp in the circuit 
when the rod drops aud the carbons come into 
contact, 

My invention will be understood with refer- 

25 ence to the accompanying drawings. 

In the drawings, Figure 1 is an elevation of. 
the lamp with the case in section. Fig. 2 isa 
sectional plan at the line z x. Fig: 3 is un 
elevation, partly in section, of the lamp at 

зо right angles to Fig. 1. 4 іза sectional 
plan at tho line y y ot Fig. 1. Fig. 5 is asec- 
tion of the clampin about full size. Fig. 6 is 
э detached section illustrating the connection 
of the spring to the lever that carries tho piv- 
as ots of tho clamp, and Fig. 7 ie а diagram 
showing the eireoit-coonections of the lamp. 

Та the drawings, Fig. 1, M represents the 
main and N the shunt magnet, both securely 
fastened to the baso A, which, with its side 

до columns, S, is preferably cast in one piece оГ 
brass or other diamagnetic material. То the 
magnets aresoldered or otherwise fastened the 
brass washersordisksaaag. Stmilar wash- 
ers, b à, of fiber or other insulating material, 

45 servo to insulate tho wires from the brass 
washers, 

The magnets M and N are made very flat, 
во that their width exceeds three times their 
thickness, or even more. In this way а com- 

50 paratively small number of convolutions is 


emat QU soldi 


поене. to produce tho required magnetism, 
besides a greater surfuce isoffered for cooling 
off be wires, m 

је upper pole-pieces, m n, of the magnete. 
are curved, os indicated Ја the drawings, Fig. 
1. Tholower póle-pleces,n" n are bronghénear 
together, tapering toward tho armature g, ва 
shown in Figs. 2and 4, The object of this 
taper is to concentrate the greatest amount of 
the developed magnetism upon the armature, бо 
and also to allow the pull to be exerted always 
upon the middle of the armature g. ‘This 
armature g is a pleto of iron in the shape of a 
hollow cylinder, having on cach side a seg- 
ment eat away, the width of which is equal to 
the width of the pole-píeces тт, 

"The armature is soldered or otherwise fast- 
ened to the clamp ғ, which is formed of a 
brass tube; provided with gripping.jaws ес, 
Fig. 5. These jaws are arcs of a circle of the 
diameter of thé rod R, aud aro made of tomo 
hard metal, preferably of hardened German 
silver. Гао mako the,guides f f, through 
which the carboa-holding rod R slides, of 
ваше material. This bas the advantage to re- 75 
duce greatly the wear and corrosion of tho 
partscoming in frietional contact with the rod, 
which frequently causestrouble. The jaws ee 
ате fastened to the inside of the tubo т, Бо 
that one із a little lower than theother. The 
object of this is to provide a greater opening 
for the passage of the rod when Шо sume is" 
released by the clamp. Tho clamp r ja sup- 
ported on beariogs 10 tc, Figs. 1, Jand 5, which 
are just in the miüdlo belwoen the jawbee, I 
бой this disposition to be the best. ' The bear- 
ings tc w are carried by а lever, t, ouo end of 
which rests проп, ao adjustable support, g, of 
the side columns, S, the otber end being con- 
nected by means of the link е tothe armaturo- до 
lever L. The armature-lever L js a flat pieco 
of iron in Z shape, having its ouds curved ao 
38 to correspond to the form of the upper pole- 
Pieces of the magaets M sod N. It is hung 
upon the pivots 9 о, Fig, 2, which are jn the 95 
jaw x of the top plate, B. ‘This plate В, with 
the jaw, is preferably cast in ове piece aud 
screwed to the side columus, 5 S, that extend 
пр from the bate А. To partly balance tite 
overweight of the moving parts a spring, #, 100 
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Figs, 2 and 6, is fastened to the top plate, В, 
and hooked to the lover t. "Ге hook o ie to 
ward опе side of the lever or bent a little 
sidewise, as scen in Fig. 6. Ву this means a 
alight tendency is given to swingthearmatare 
toward tho pole-piece m’ of the ma magnet. 

‘The binding -posts К K' are preferably 
screwed to tha base A. А manual switch, for 
short-cireviting the lamp when the carbons 
ате renewed, iy also to be fastened to the base. 
‘This ewitch isof ordivary character, and is not. 
shown in the drawings 

The rod R is electrically conuected to the 
Jamp-framo by meaus of a flexible conductor 
ог otherwise, ‘The lamp-case receives a ro- 
movable ornamental cover, #, around the same 
to inelose the parts. 

Tho electrical connections are as indicated 
diagraramatically in Fig. 7. 

Tho wire іп the main magnet consists of two 
parts, z and p^. "heso two parts may be in 
two separated coils or in one singlo helix, as 
show in the drawings. Tho part z being 
normally in renit, їв, with the fino wire upon 
iheplantanagaet, wound and traversed by the 
current in the same direction, ко as to tend to 
produce suailae poles, п a or # s, on ће, сог. 
rerpondiog pote.picces of the aiagacts M and 
N. The part p' is ошу in circuit when the 
Jamp is cut out, and thea the current being in 
the opposite direction produces іш the main 
maguet magnetism of the opposite polarity. 

"е operation is 25 follows: Atthestart tho 
carbons are to be in contact, and the current 
pasea from the positive biuding-post K tothe 
hiump-trante, carlion bolder, upper and lower 
carbon, insulated retarn-vire iu one of the 
cide rods, and feom there through the part 2" 
of the wire on the mais inagnet to the nega. 
tive binding-post. Upon the passago of tho 
current the main maguet is energized and at- 
tracte the clamping-arraatie g swinging the 
clamp tad gripping the rod by means of Ше 
gripping jaws e e. “At the sumo time the ar- 
maturedever L is pulled down and the саг. 
bons separated. In puiliog dowa the arma- 
tore lover L the main magnet ів assisted by 
the suuntanagnet N, the latter beiug mag- 
nstized by tragnetie induction from tlie mag- 
net М. 

Tt wil! be seen that the armatures L and g 
aro practically the keepers for tho magnets М 
aud N, and owing to this fact both magnets 
witb ейдег one cf the armatures Land g шау 
be cousidered ав one horseshoe magnet, which 
we might term a “compound magaet" The 
whoio of the soft-iron parts m, v 
L form a compound magnet. 

‘The carbons Беор separated, the fine wire 
receives a portion of the current. Now, the 
magnetieindaction from the maguet M is uch 
ав to produce opposite poles on the corre- 
sponding ends of the maguet N; but the cur- 
rent traversing the belices tends to produce 
similar poles on the corresponding ends of 
both magnets, aud therefore 158000 as the fine 
wire is traversed by sufficient current. the 


magnetism of the whole compound magnet ів 
diminished. 

‘With to the armature g end the op-"70 
erstionof thelamp, the pole m’ may be termed 
as the “clamping” and the pote n’as the "те. 
leasing” polo. 

Аз the carbons burn way, the fine wire re- 
ceives more current avd the magnetism di- 
minisbesin proportion, This causes tbearma- 
tarelever b te ‘swing and the armature g to 
descend gradually under the weight of the 
moving parts until the ond р, Fig. 1, strikes 
astoponthetopplate B. The adjustment is 
such that when this takes place the rod R is 
yot gripped securely by the jaws се. The 
further downward movemout of the armature 
leverbeing prevented, the are becomes longer 
85 the carbons are consumed, and the com- 
ponad magnet io weekenod more and more 
intil the clampiog-armature g relenses the 
hold of the grippiog jaw ee upon the rod R, 
ud tho rod is allowed to drop e little, short- 
ening thas the arc. The бпе wire bow ro: go 
ceiving }ess.carrent, the maguetism fucrensen, 
sad the rod is clamped again and olightty 
raised, if necessary. This clamping and re 
leasing of the rod continues until the carbons 
зго consumed. In practice the feed із во sen- 95 
sitive that for the greatest part of tho time the 
movenieot of the rod cannot be detected with- 
out ome actual measurement, Daring tho 
normal operation of the lamp the armature: 
lever L-rewains etatioaary, or nearly so, in 
the position shown in Fig. 1. 

Sbonld it arise that, owing to по ішрегіес- 
tion in the rod, the same and the carbons drop 
too far, зо аз to make the are too short, or even 
bring the carbous in contact, then a very small 105° 
amount of carrent passes through the fine wire, 
and the compound magnet босопи auffictent- 
ly strong to aet as on tho start in „aling the 
armaterelever L dowa and sepirating the 
carbons to а greater distance. 

It occurs often in practico that the rod sticka 
iu the guides. In this ease thearc reaches а 
rent Feng until Sally breaks, Then the 

igbt goes ont, aud frequently the Bue wire ін 
injured, To prevent such an accident, 1 pro- 
vide my lamp with an antomatic cat- out, 
This cut out operates as follows: When, upon. 
à failure of tbe feed, the arc reaches a certain 
predetermined jengtb, sneh an amount of cur- 
rent is diverted throogh tho fice wire that the 
polarity of the compound magnet is reversed. 
‘Theclamping-arwature gis now moved sgsinst 
the shunt-magnet N until ib strikes the releas- 
ing-pole я. Аз goon as tbe contact із estab- 
lished, the current passes from the positive 12; 
binding-post over the clamp r, armature б, 
ipsststed shonbanagnek, аай ше ішік проц 
the main magnet M to the negative binding- 
post. Iu this case the current passes іп the 
opposite direction and changes the polarity of 130 
the magnet М, at Ше same time maiptaining 
by magnetic induction in tho core of shunt- 
miagnet the required magnetism without re- 
versat of polarity, and the armature g remains 
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against ihe shunt: maguel pole л. ‘The Iain] 
is tbus cut ont as long as the carbons are sepa. 
rated. The cut-out may be used in this form 
without ang farther improvement; but I pre- 
fer to arrange it so that if (һе rod drops and 
the carbons come in contact the are is started 
again. For this purpose I proportion the re- 
sistunice of the part p’ aud the number of the 
couvolntians of the wire upon the main 
net во that when the carbons c 
sufficient amount ofcurrent isdiverted through 
Ње carbons and the part 27 to destroy ar neu. 
tralize the magnetism of the compeun 
net, Then the armature y, having a sli 
tendency to approach to the einmping-pole m’, 
comes cut. of contact with the releasing pole’, 
Аз soon as this happens, the current through 
the part p' is interrupted, and the whole cur- 
ron passes through the part 2. "The тад 
М ig now strongly magnetized, the armature 
g is utbeacted, aud the rod clamped. At the 
Same time the armature-lever Lis pulled down 
out of its normal position and the 
In this way the tamp ents itself ont automat 
ally when the ave gals so long, 
itself antomaticalls in the circuit if the car. 
Lens drop together. 

Tt will be seen that the cut-out way be modi- 
d withont departing from the spirit of my 
vention, as long as the shiint-magnet closes 
a cironit ineludiug a wire upon the wain mag- 
net and continues to keep tle contact closed, 
being magnetized by magnetic induction from 
the main magnet. 10 is also obvions to say 
that he magnets and armatures may be of any 
desired shape. 

Т claim as my invention 

1. The combination, in an are lam], of a 
шайғанда shunt magnet, an armature lever 
to draw the are, a clamp, aud an armature to 
act upon tbe clamp, a clamping.pole and a 
releasing-pole upon the respective cores, the 
coves, poies, atuature-lever, aud clamping- 
armature forming a compound elect zo-maguet, 
substantially as set. forth. 
The coubination, in ап electric arclamp, 
ега earbon-holder амі its rod, a clamp for 
Such earbon-holder, a clamping armature con- 
nected to the clamp, а compoand electro п 
net controlling the action of the clamping ar- 
mature, and electric-cireuit connections, sub 
stantially as set forth, for lessening the шар 
netism oF the componnd magnet when thearc 
hetween the carbons lengthens and angment- 
ing the magnetisin of the same when the are 
is Shortened, substantially as described. 
13. The combination, with the carbon- іа. 
ers їп ап electric lamp, of а clamp around 
the rod of tbe upper-carbon holder, the clamp- 
ing-armature connected with said сі 
armatare-lerer and connection from the san 


o ihe clamp, the main aud shant magnets, 


j and therespective polesal thesame toart upon 


the clamping armature and armatare: lever, 
respectively, substantially as set forth. 

4. In an eleetricarc lamp, а cut-out eon: 
sisting of a main magnet, an armature, and a 
shant-magnet an insulated pole-pivee, 
and the cut-ont cireuit-convections through. 
the pole piece aad armature, substantially ae 
‘set forth. 

5, Та an electricare lamp, the combination, 
with the carbon-holder and magnets, of the 
ind g, link ©, elamp'r, and lever 
4, aud the spring >, for the purpose set тогу! 

6. In au eleetrie arc lamp, the combinatioi 
with two upright magnets їп the main aud 
shunt cirenits, respectively, having cary 
pole-picecs on one end ail converging pole: 
pieces on the other end, of a flat Z-sbaped 
armature - lever between the curved рој 
picees and a clamping armature between the 
convergent -pole pieces, substantially a.d 
scribed. 

7. ‘The comb 
of an electro 
an electro magnet in the shunt -eirenit, an 
armature under the influence of the poles of 
ib respective magnets, and cirenit-connec 
tions controlled by such armature to cuL out 
or shunt the lamp, substantially as specified, 
whereby the branch circuit is closed by the 
magnetism of the Shut- magnet, aud tien kept 
closed by induced magnetism from the тілін 
magnet, substantially as set forth 

8. "The combination, with the carbon-holder 
and rod and the main and shnnt magnets, of 
а feeding-clainp, an armature for the same, 
clamping and. releasing poles upon tlie coris. 
of the respective magnets, and cirenit-connee: 
Lions throngh tle clam ping armature, substan 
tially as specified, for shunting the 
when the electric arc bel ween the 
comes abnormally long, sabstanti 
forth, 

9. The combination, with the carbun-hold- 
ing rod anda clamp for the same, of an at 
mature upon the clanip, a shuntanaguet the 
pole of which nets to release the clamp, aud a 
toain magnet with а two-part helix, one por- 
tion beiug in the main сігенір and the other 
portion inashunt orent-ont cireuit, the clanp- 
ing armature acting to close said cut-out cir 
cuit when the arc becomes too long and to 
break the sbunt-cirenit when ће carouns come 
together, substantially as set forth. 

Signed by me this ТИШ day of July, A. D. 
1 


ё NIKOLA TRSLA. 
Witnesses: 


Gro. Т. PINCENEY, 
WiLL G. Morr, 
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To all whom it may conce, 

Fo it known that 1, NIKOLA TESLA, а sub- 
ject of tho Emperor of Austria-Hungary, re- 
siding al New York, іп the county and Stato 
of New York, have invented certain now aud 
useful Improvements tn Methods of Operating 
Are Lamps, of which the following is a Өресі: 
fication, 

‘This invention consists in ап improved 
anethol of operating electrie-are lamps which 
aro supplied with alternating ог pulsating 
current 

аз now become a common practico to 
run arc lamps by nltornatiog or pulsating аз 
distinguished from continuons currents; but 
ап objection to such systems exists in (he fact 
‘that tho ares emit a pronounced sound, vary- 
ing with tho rato of the alternations or pulsa- 
tions of current, butunderany circumstances 
constituting an objectionable and disagree- 
able feature, for which heretofore uo offective 
топтоду has been found or proposed. This 
noise is probably due to tho rapidly alternating 
heating and cooling and consequent expan- 
Sion and contraction of tho gaseous matter 
forming the arc which corresponds with the 
periods or impulsos of tho current, for I havo 
succeeded in abating it and producing quiet 
пой smoothly-acting lamps by increasing, per 
unit of time, the number of alternations or 
pulsations of the current producing the arc. 
To such an extent that the rato of tho vibra- 
tions or changes in the are producing the 
noise approximately equals or exceeds that 
which is generally regarded as tho Шай, of 
audition, Forexample,I may usoa generator 
which produces ten thousand or moro alter- 
nations of curront per second. Tasuch a case 
the poriodical heating and cooling of the are 
would occur with such гари as to produce 
little ог no perceptible effect проп the саг. 

‘Shere are a number of ways in which the 
current шау be varied at a rate exceeding 
the limit of audition, but probably the most 
practicable kuown to me at present їз by the 
use of an alternating-current generator with 
a large number of poles, and specially con- 
structed for the purpose. Sacha generator, for 
tho purpose of the illustration of this case, I 
"have shown in tho accompanying drawings, 

Figuro L is о view of the generator in sido 
clevation. Ей 


of thesamewith a diagram of the cireuit-con- 
nections. Fig. 3 is an onlarged view, іп sido 
elevation, of apart of tho machine. Fig. 4 
an enlarged sectional detail of the armature 
and field. 5 is a detail soction of the 
field-imagnets exhibiting tho plan of winding, 

A isan annular ое (ишо supported 
by the cross-bars or brackets B, provided with 
feet C, upon which the machino rests. Tho 
interior of tho annulus А is provided with a 
largo number of projectipns or polo-picces D. 
‘These шау be formed or applied In а varioty 
of ways—as, for example, by milling trans- 
verse grooves E. 

Owing to tho vory largo number and smalt 
size of the polesand thespaces botwoen thou, 
T apply the oxciting or field coils by winding 
an insulated conductor F zigzag through tho 
grooves, as shown in Fig.5,carryingsaid wire 
around the annulus to form as many layon 
аз is desired. In this way the pole-pieces D 
Will bo energized with alternately opposite 
polarity aroun tho entiro 

For the armaturo I employ a spider or cir. 
cular framo G on a driving-shaft H, mounted 
in bearings in tho brackets B. ‘This epidor 
carries a ring J, turned down, except at its 


1 edges, to form a trough like recoptatlo for a 


mass of flne annealed iron wires K, which aro 
wound in tho groovo to form tho coro proper 
for tho armature-coils. Pins Laro sot in tho 
sides of tho ring J,and the coils M aro wound 
over the periphery of tbe armaturo-structare 
and around the pins. ‘The coils M are соп. 
nected together in series, aud theso terminala 
N carried through the hollow shaft II to von- 
tact-rings Р P, from whonce the currentsaro 
taken off by brushes О. In this way a ma- 
chine with а very largo number of poles шау 
bo constructed. It is easy, for instance, to 
obtain in this manner threo hundred and 
seventy-five to four hundred poles in a ma- 
chine that may bo safely driven at a speed of 
fifteen hundred or sixteen hundred revolu- 
tions per minuto, which will produco ten 
thousand or clevon thousand alternations of 
Current per second. Arc lamps It R are 
shown in diagram аз connected up in series 
with thomachine ia Fig.2. If sucha current 
bo applied to running are lamps, tho sound 
produced by or ia tho are becomes practically 


2 is a vertical cross-scctiog | inaudible, for by increasing thorate of change 
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in tne current, and consequently tho number 
of vibrations perunit of time of the gaseous. 
material of the arc upto or beyond ten thou- 
sand or eleven thousand por second, ог to 
what i» regarded as tho limit of audition, the 
sound due to such vibrations will not be ai 
dible. The exact number of changes or un- 
dulations necessary to produce this result will 
vary somewhat according to the size of tho 
arc—that is to say, tho smaller tbe arc the 
greator tho number of changes that will bo 
required to rendor it inaudiblo within certain 
limits. Of course, as the rate of alternations 
orundulations (оғ в givon sizeof arc becomes 
vory high tho sound produced is less рогсер- 
tile, and henee for some purposes tho actual 
limit of audition may only be approached, 
provided the sound фе rendarod practically 
inandibla 


Another advantage gained by increasing as 20 
above set forth the number of alteruations 
is that the are acts moro like that produced 
dy в continuous current, in that it is more 
porsistent, owing.to the fact that the time in- 
terval between undulations is so small that 
the gaseous matter cannot cool down so far 
as to increase very considerablyin resistance. 

Telaim— 

"The method of abating or rendering inau- 
dible tho sound emitted by arc lamps sup- 
plied with or operated by an alternating or 
pulsating current by inerensing tho rate of 
Such alternations or pulsatious up to that of 
tho limit of audition, as sot forth, 

NIKOLA TESLA. 
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То all whom it may concern. 

Tie it known that 1, NIKOLA TESLA, а sub- 
joctof tho Emporor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria-Hun- 

5 gary, and aresidont of New York, in thecounty 
nud Stato of Now York, bave invented certain 
now and useful [mprovemepts in Metbods of 
қай Apparatus for Electric Lighting, of wbich 
the following is a specification, reference be- 

лө ing had to the drawings accompanying sod 
forming a part of the same. 

Thls invention consists in a novel metbod 
of and apparatus for producing light by means 
of electricity. 

ts Fora better understanding of tho Javea- 
tion it may be вхатой, first, that boretofore 1 
havo produced and employed corronts of very 
high frequency for operating translating do- 
vices, such as electrio lamps, and, second, 
that current of high potential have also been 
producei and employed for obtaining lumi- 
nous effects, and this, in a broad sense, may 
ba rogardod for purposes of this caso аз tho 
prior state of tho art; but I havo discovered 
25 that results of tho most usefol character ma; 
ће secured under entirely practicable condi- 
Попа by means of olectric currents in which 
both tho above-described conditions of high 
froquoncy nud great difference of potontial 
зо aro present, Та other words, I havo made tho 
discovery that an electrical current of an ех- 
seesively small period пай very high poton 
tial may be utilized economically and prac- 
Healy fo gront advantige for Ше production 
35 of light. 

It is dificult for me to define the exact lim- 
{ts of frequency and potential within which my 
iiseovery is comprised, for the results ob- 
tained аго duo to both conjointly; bnt I would 
make it cloar tbat ns to the inferior limits of 


E 


49 


por second and a potential of zbout twenty 
fhonssnd тоа, Бош frequeucy end potes 


tial may be enormously inereased above these 
Agaves, the practical limits boing determined 
by the character of the apparatus and its cs- 


5° 


pability of standingthestralo. Idonotinean r 
by tho term "oxcessivoly small poriod" aud 
similar expressions herein to imply that 156 
contemplate any uumbor of pulsations or vi- 
brations per second approximating to tho 
number of light-waves, and this will moro 
fully appear from the deseription of tho na- 
tore of invention which is hereinafter con- бо 
tained. 

‘Tho carrying ostfof this invention and-tho 
foll realization of the conditions necessary to 
the attainment of the desired rosulta involve, 
first, а novel mothod of and opparatus for 6s 
producing tho corrents or electrical effecta of 
tho character described; socond, a novel 
method of utilizing and applying tho samo 
for tho production of light, nnd, third, a now 
form of translating devicaor lightgiving AP- 7o 
plianeo. ‘These 1 shall now desoribo. 

Toproduco n carreut of vory high froquency. 
and very high potential, certain well-known" 
devices may be employed. For iustancó, as 
tho primary sourco of currout or electrical 75 
enorgy а continuons-current gonerator шау 
bo us0d, the eirenitof which may be inter- 
тортой with extremo rapidity by mechani. 
cal devicos, or в magnoto-eloctric machino 
specially constructed to yield alternating cur- 
roats of vory small period may be used, and 
in either case, should the potential be too low, 
ап induction-coil may bo employed to raise it; 
ог, inally, in order toovorcomo tho mochani- 
cal didiculties, which ia such cases become 
practically insoperablo before the best results 
аго reached, tho principle of the disruptivo 
disebargo may be utilized. Dy means of this 
latter plan 1 produce a much greater rato of 
chango in the current than by tho other means 
suggested, and ia illustration of my invention 
Ishall confine tho description of the means or 
apparatus for producing the current to 

lan, although { would not bo uaderstood аз 
imitiag myself to its use. Tho current of 95 
bigh frequency, therefore, that is necessary 
to the successful working of тау invention T 
produce by the disruptive discharge of tho 
Accumblated energy of а condenser main- 
tained by charging said condenser from a ic: 
suitable source aud discharging it into or 
through 6 circuit under proper relations of 
selt-induction, capacity, resistance,and poriod 

in woll-undorstood waya. . Such a discharge is 
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kuown to be, under proper conditions, inter- 
mittent or oscillating iu character, and in this 
way a corront varying in strength at an enor- 
mously rapid rate may be prodaced. Having 
5 produced in the above inanner a carrent of ox- 
cessive frequency, I obtain from it by means 
of an induction-coil onormousty high poten- 
tials—that із to say, iv the circuit through 
which or into which the disruptive discharge 
19 of the condensor takes place I include the pri- 
mary of asuiteble inductioa-coil, and by Asec- 
ondary coil of much longot and finer wire Icon- 
vort to curronts of oxtremely high potential. 

The differences in the longth of the primary 
15 and secondary coils in connection with the 

enormously rapid rate of change in tho pri- 
mary current yiold a secondary of enorinoi 
frequency and excessively high potentia! 
Such currents aro not, so far as I am aware, 
aynilabtoforusoin tho usual ways; but I have 
discovered that if 1 connect to either of the 
terminals of tho secondary coil ог sourco of 
current of high potontial the lendiug-in wires 
of nuch a, device, for example, аз ап orüi- 
nary incaádescent lamp, tho carbon may bo 
broight to and maintained at ineandesconce, 
ог, In розега!, that any body enpablo of con 
ducting the high-tension current described 
and properly inclosed in а rarefied or ex 
hausted reesivor may be rendered luminous 
or inesadescont, either when connected di- 
тесу with ono torminal of the secondary 
touréo of ouorgy or placed in the vicinity of 
such terminals 50 as to be acted upon induct- 
3s ively. 

Witnout attempting а detailed explanation 
of the causas to which this phenomenon may 
bbe ascribed, I deem it sufficient to stato that, 
Assuraing the now generally acceptod theories 
fof scientists to bo cerroct, the effects thus 
produced aro attributable to molecular bom- 
bardment, condensor action, and electric or 
etheric disturbances. Whatever part ench 
ог any of these causos пау play in producing 
the eifecte noted, it is, howover, а fact thet a 
strip of carbon cr a mass of apy othér shape, 
cither of carbon or any moro or less conduct- 
ing substanco іч a rarefied or exhausted re- 
ceiver and connected directly or inductively 
to a source of eloctrical согду sach as 1 
have described, may bo maintained &t incon- 
deseenceif tho frequency aud potential of the 
current be sufficiently bigh. 

І world here state that by the terms “eu 
rents of high frequency and high potential 
and similar expressions which I havo used in 
this description Ido not mean, necessarily, 
ciirrents in the usual acceptance of the term, 
‘but, generally speaking, electrical disturb- 
псев or effects such as would be produced іш 
tho secondary source by the action of tho 
primary disturbanco or electrical effect. 

Tt із necessary to observe in carrying ont 
this invention that care must bo taken to re- 
65 апе to в minimum (0 opportunity for the 

dissipntion of the слогу from tho conductors 
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intermediate to the source of current and the 
light-giving body. For this purpose the со 
ductors зао be free trom projections and 
points and woil eave.2d or coated with a good 
insulator. 

‘The body tw be rendered incandescent 
should be selected with a view to its сара- 
bility of withetsadiog the action to which it 
is exposed without being rapidly destroyed, 75 
for some conductors will be much moro spec 
ily consumed than others. 

1 now refer to the accompanying drawings, 
in which— 

Figuro 1 is a. diagram of one of the specia! 
arrangements that I have employed in carr 
ing out my discovery, and Fig 
vortical soctioanl views of mod 
light-givizg devices that I have dev 
‘use with the system. 

1 would state that es all of tho appar: 
herein shown, with the exception of certain 
specin! forms ог amp invented by ine, is ог 
шау bo of well-known construction and in 
common uso for other purposes, I have indi 
cated авећ woll-known parts therefor by con: 
ventional representations. 

G is the primary sonrco of curreut or elec- 
trical energy. Ihavo explained above how 
various forms of generator might bo used for 
this purpose; but in the present illustration 
I assume that С is an altornnting-curront 

enerator of comparatively low eloetro-motivo 
force. Undor such circumstances I raiso tho 
potential of tho current by moans of an in- 
duetion-eoil having a primary P and a s 
ondary S. "hen by tho eurroat doveloped in 
this secondary I charge n condenser C, and 
this condonser I discharge through or into л 
circuit A, havin; “Ар а, or, in genoral, 
means for maintaining a disruptive discharge, 
By the means above described a ситгеш of 
enormous froquoney is produced. My object 
їз next to convert this into n working-cirenit 
of very. high potential, for which purposo 1 
connect up in the cirenit A tho primary Т” of 
an indaction-coil having a loug fino wiro sec- 
ondary S. The curront in tho primary D^ 
develops in tho secondary S' a current or oloc- 
trical effect of corresponding froqmeney, but 
of enormous difference of potential, and the 
Secoadary S’ thus becomes the sourco of the 
energy to be applied to the purpose of pro- 
ducing light. 

Tho light-giving dovicos may be connected 
tocither terminal of thesecondary S^. 1t de- 
sited, one terminal may be connected to а 
condceting.wall W of в rooin or space to bo 
lighted and the other arranged for connection. 
of tho lamps therowith. In such case tho 
walls should be coated В some metallic or 
conducting substance in order that they may 
have sufticisat conduetivit 

‘Tho lamps ог light-giving devices may be 
ап ordinary incandescent lamp; but J prefer 
to use specially-desigaed lamps, exainples of 
which Г have shown in detail he draw- 
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fogs. This lamp consists of а raretied or 
exhausted bulb or globe which incloses a 
refractory conducting body, as carbon, of 
comparatively small bulk and any desired 
shape. This body is to be connevted to tho 
secondary by ono or more conductors sealed 
in the glass, as in ordinary lamps, or is ar- 
rangod to bo inductively connected thereto. 
For this last-named purpose tho body із іш 
electrical contact with a metallic sheot in 
the interior of tho nock of the globe, and 
on the outside of said neck is a second sheet 
which is to be connected with the source of 
current, Thesa two sheets form tho arma- 
tures of a condenser, aud by them the cur- 
ronts or potoutials are developed in the light- 
giving body. Аз many lawpsof this or othor 
Kinds may be connected to the terminal of 8" 
astho energy supplied iscapable of maintain- 
fog nt incaudosconoo. 

To Fig. 3, b is a rarefiod or oxhausted glass 
globe or receiver, in which isa body of car- 
bon or other suitable conductor с, To this 
body ін connected a metallic conductor f, 
which passes through and is sealed in the 
glass wall of tha globe, outside of which h is 
united to a copper or other vire g, by means 
of which it is to be olectrically connected to 
опе pole or torminalof the source of current, 
Outside of tbe globe the conducting-wirosaro 
protected by a coating of insulation А, ofany 
Suitable kind, and insido the globo the sup- 
porting-wire is inclosed in and insulated by a 
tabe oF coating I: of a refractory insulating 
substance, such as pipe-clay or the like. A 
reflecting-plato 1 is shown applied to the ош» 
side of the globe 2. This form of lamp is а 
typo of thoso designed for direct electrical 
connection with ono terminal of tho sourco 
of current; but, as abovo stated, there neod 
not bo a direct connection, for the carbon or 
otherilluminating body may be rondered loni- 
nous by iuc active action of thecurreat thero- 
on, and this may be brought about in sev- 
oral ways. Tho proferred form of lamp for 
this purpose, however, is shown in Fig. 2. 
Та this figure the globeb is formed with a cy- 
lindrienl neck, within which is a tube or sheet 
т of conducting material on tho side and 
over the end of n cylinder ог plug n of any 
suitableinsulating material. ‘Theloweredges 
of this tubo are Їп electrical contact with а 
metallic plate о, securod to the cylinder n, all 
the exposed surfaces of such plato and of the 
other conductors being carefully coated and 
protected by insolation. ‘Tho light-giving 
body с, in this caso a straightstem of carbon, 
is electrically connected with the said plate 
Бу a wire or conductor similar to the wiro f, 
Fig. 2, which is coated in like wanner with a 
rofractory insulating material k. The neck 
of the globo fits into а socket composed of an 
insulating tubo or eylinder p, with n snore or 
less completo metallic lining s, electrically 
connected by a motallie head or plate r wich 
à condustor a. that is to be attached to ona 


pole of the source of current. 
lining s and tho sheot m thus compose the 
pistes or armatures of a condenser. 

‘This invention is not limited to the special 
means described for producing the results 
hereinabove cet forth, for it will bo scen that 
various plans and means of producing cur- 
rents of very high freqnency are kitown, and 
also means for producing very high poten- 
tials; but I have only deseribed horéin cor- 
tain ways in which I have practically carri 
out the invention. 

‘What I claim is— 

1, The improvement in the art of electric 
lighting heroin described, which consists in 
generating or producing for tho operation of 
the lighting devices currents of onormons fre 
quency and excessively high potential, sub- 
stantially as horein described. 

2, The mothod of producing an electric cur- 
rent for practical application, such as for oleo- 
tric lighting, which consists in generating or 
producing а carrent of encrmous frequency 
And inducing by ouch current in a working 
circuit, or that to which tho lighting devices 
ого connected, a currout of corresponding 
frequency and excessively high potential, аз 
sot forth. 

3, The method of producingan electric cur- 
топі for practical application, sach ae for loc 
trielighting, which consists in cbapging a con 
densor by a given current, maintaining an 
intermittent or oscillatory dischnrgo of said 
condenser through or into a primary cironit, 
aud producing thoroby in a secondary work: 
ing eireuit in inductive rolation to tho pri- 
mary very tentials, ns sot forth. 

а Tha mothod of producing electric light 
by incandescence by electrically or induct- 
ively connecting a conductor inclosed in n 
varefled or oxhnusted receiver to one of tho 
poles or terminals of a sourco of electric 
@пегду or enrront of a frequeuey and poten- 
tial sufficiently high to render said body in- 
eandescont, аз sot forth, 

5. A system of electric lighting, consisting 
in tho combination, with a sourco of electric 
‘energy or current of enormous frequoncy 
and oxcossivety high potential, of an incan- 
Agscont lamp or lamps cousisting of a con- 
ducting body inclosed in a rarefied or ex- 
hausted rocoiver and connected directly or 
inductively to one polo or terminal of the 
source of energy, as set forth. 

6. In a system of clectrie lighting, thocom- 
bination, witha soureoof currentsofonormous 
frequency and excessively high potential, 
of incandescent lighting dovices, cach con- 
sisting of a conducting body inclosed ша 
rarefied or exhausted receiver, said conduct- 
ing body being connected directly or induct- 
ively to оло pole or terminal of the soured of 
current, aud a conducting body or bodies in 
the ity. of said lighting devices con- 
nected to the other polo or terminal of sald 
көште, аз set forth. 
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7. In a system of electric lighting, the com- 
bination, with asourcoof currentsof enormous 
froquoncy of excessively high potential, of 
lightiog devices, each consisting of a con- 

5 ducting body inclosed in a rarefied or ex- 
hausted receiver and connected by conduct- 
ors directly or inductively with one of the 

‘torminnls of sald source, all parts of the con- 


20» 


ductors intermediate to tho said svurce and 
tho light-giviug body beinginsulated and pro- 15 
tected to prevent the dissipation of the clec- 
trie energy, as herein set forth. 
NIKOLA TESLA. 
Witnesses: 


PARKER W. Pace, 
М. G. Tracy. 
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To all whom it may concern: 

Bo it known that J, NIKOLA TESLA, а sub- 
jeetof tho Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Ilungary, re- 
siding at New York, in the county and Stato 
ог New York, havo invented certain new and 
useful Improvements in Elootrie Incandes- 
cont Lamps, of which the following is л spe 
fication, reforenco boing had to the draw- 
ings accompanying and forming a part of the 
same. 

My invention is a new form of lamp for 
giviug light. by the incandosceneo of carbon 
ог other suitable refractory condactor pro- 
Чпоей by electrical energy. 

Tu order to moro distinctly point out those 
features which distinguish my invention, I 
would stato that heretofore clcetrie lamps 
have been made, first, by mounting a re- 
fractory. conductor on metallic ropporting- 
wires leading into a hermetically-xealed re- 
«віуег from which tho air has been exhausted 
ur replaced hy an inert gas, and, second, by 
placing two independent conductors in a ro- 

ver or гө and partially cxhansting tho 
therefrom. la tho first caso the carbon 
or other conductor is renderod incandescent 
by the actual flow or passage of a current 
through it, while in tho second Ше luminous 
effects, ав heretofore produced, ог; in fact, 
tho only luminous effecta that could bo pro- 
Чисед by any means heretofore known, were 
dua to an dctunl discharge of current from 
опо conductor to the other across tho intor- 
mediate space of rarefied air or gas. 

Tt may be further remarked that in various 
forms of Goissler or vacuum tubes the terni- 
nals or points within the tube become or have 
^ tendency (0 becomo hoated by the action 
of the high-tenaion secondary discharge. In 
such tubes, however, the degree of exhaustion 
is comparatively low, as a high vacuum pre- 
vents the well-known Geisslor dischargo or 
effect, Moreover, with such low degrees of 
exhaustion the points or wires, if beated and 
Allowed to becomo incandescent, aro speedily 
destroyed. 

I have discovered that two conducting. 
bodies mounted in a very highly exhausted 
receiver may be rendered incandescent and 
practically utilized as a sourco of light if 
Connected directly or inductively to the ter- 


inals of а source of current of very great 
frequeney and vory high potentinl. 

‘The practical requirements of this inven: 55 
tion are widely different from thoso employed 
in producing апу vf the phenomena hereto- 
foro observed, such differences being mainly 
in respect to the current, which must be one 
normons frequency and of excessively бо 
potential, and also о the degree of cx- 
hapstion of the globe or rocciver, which must 
bo саггіей at least beyond the point at which 
а spark will pass, or to the condition known 
as a“non-striking vacuum,” and it inny bo 
as much farther as possible. 

‘This application is confined to л particular 
form of lamp which I employ in апоу в) 
invented by me, which system involves, as 
опо of its essential characteristics, the em- 
ployment of currents or electric effects of n 
novel kind. In an application filed by шо 
April 25, 1891, No. 390,414, I have shown and 
described this system in detail, und I thore- 
foro doem it sufficiont for the present case to 75 
say that tho lamps herein deserihed, whilo 
uttorly inoperntive on any of the eireniisnow, 
ог, во far as I am aware, herotofore employed 
become highly efficient sources of light if tho 
froquency of the current by which they are 
operated be sufficiently great and the pote 
Gal sufficiently high. To produce such eur- 
rents, any known means may bo utilized of 
the plan described in my said application fol- 
lowed of disruptively discharging thoaceninu- 
lated energy in a condeuser into or through 
primary cireuit to produce a current of vory 

froqueney, and inducing from this eur 
rentasecondarycurrent of avery much higher 
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potential. go 
Т пом refer to the drawings in illustration 

of tho invention. 
Figuro 1 isaverticalscetional lamp 


constructed with lending-in wires for direct 
connection with a circuit orsonrce of curront. 
z. 2 is a similar viow of a form of lamp ar- 
ranged for inductive connection with snet 
source. 

‘The common methods.or steps followed in 
tho manufacture of the ordinary incandescent, 
lamps and Geissler tnbos may be employed 
n the manufacture of these improved lamps 
as Гар ns applicable. 

"Ais в glass globe or receiver with a necx 
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or base B. Conducting-wires C С ontor this 
lobe and are sénlel in the walls thereof. 
‘Tho entering wires Caresurrounded by small 
tubes ur eups D. The jeints between the 
wires C and the incandescing conductors эго 
made within these cups in any ordinary wau- 
ner, and the lower partsof the cups aro tilled 
with bronze-powder Е or other suitable n 
terial to effect a good electrical connection 
‘Tho éups aro then filled up with fire-clay ог 
other refractory non-eonduetor F, which is 
molded around theearbonsG, ‘Thecarbonsor 
other refractory conductors or semi-conduet- 
orsG are completely isolated fromoneanother. 
Thoy aro here shown ив slender strips; but 
thoy may have avy other desired shape. 
Lamps thus mado are attached to а хаса: 
um-pump in tho usual way. After the pro- 
сова of exhaustion has been carried ou for 
Some time they aro brought to incandescence 
by a suitable current, Dy avhich the fire-clay 
is thoroughly baked and the occluded gases 
are striven ӨЙ, ‘Tho exhaustion is carried to 
tbo highest possible point, and the globe 
finally Sealed ot at H. Inasmuch us thero is 
& tendency to sparking when tho current is 
turned on before tho exhaustion has been 
carried very bigh, it i$ well, when rhe char- 
actor of the earbon admits of it, to eauseth 
ends to upproach, in order that the sparks 
заву leap across between such points, where- 
by tho danger of injury to the carbons or the 
lamp is lessened. ‘She conductors outside tho 
globe, аз well as all Шосе which convey the 
current from tho source, shonld be carefully 
iusulateá io prevent the dissipation of tho 
currente 

In lieu of connecting the two earbous di- 
rectly to the circuit through leading-i 
provision may bo made for inducti 
necting them, as by means of condense 


Я Јаго plugs of fireclay 
taived in the extensions B 1. 
ductors G G are supported by these plugs 
ed by metallic strips M with the 
continga К K’, respectively. Over 
lc of the extensions B W^ are fitted 
insulating-caps № №, having metallie linings 
© O', with terminals adapted for connection 
with the cireuit-vires. With such currents 
as aro einployed.to operate these lamps con- 
dlensers of small capacity, such as those thus 
made, transmit the energy from the outside 
circuit to the carbons within the globe with 
little loss. ‘This lump is exhausted and seated 
off from the pump in the same manuerasthat 
first described. There is по clectrieal con 
hectiount any time between the two carbons 
of this lampana no visible disaharge or ten 
fer uf enrrent from one ta the other through 


the ighly-rareted medium between them. 
‘The fact, therefore, of their being rendered 
ineandestont by the action of such я curront 
as 1 have describod seems to be mainly at- 
tributable to condenser action. 

‘The carbons, or whatever substauco muy 
bo used in their stead, may be of ппу desir 
form and may be placed in difforeut relative 
positions, 

"Tho manner of making the lamp and tio 
general form of the lamp as n whole may be 
Varied in nnmberless ways. vo ineroly 
shown herein typical forms which embody 
the principle of the invention and which by 
experionce J have demonstrated to be prat- 
tical lamps. 

‘As the lunps which І employ and which 
are made as above deseribed are nbsolutoly 
inoperative in пау system from which the 
hereinbcforo-describod conditions of. poten: 
tial and frequoncy are absent, so the Various 
lamps horetoforo devised for uso with high- 
potential currents, in which the exhaustion, or 
necessity, has not boen carried to or beyond 
the non-striking point, are practically: worth- 
less in my new Syston, and this is tho distin- 
guishing fenturevf novelty in iny lamps: viz, 
that they areexhausted to or boyoud the non- 
striking point. 

What І claim as my invention із-- 

1. An incandescont inp consisting uf two 
isolated refractory conductors contained in n 
non-steiking vacuum and adapted to produca 
light by ineandesceace, cach being пищей 
with a terminal for connection with a saurer 
of electrical energy, as sot forth. 

2. Tho combination, with л globo or res 
ceiver exhausted to tho nonsstriking poiut, of 
two isolated bodies of refractory condueling 
material adapted to eiit light hy inenudes- 

па monnted within said globe, amd 
for connecting said bodies with the 
'espeetively, ы 


sy 
incandescent olectrie lump, the 
with a globe or veeciver 
usted to the non-striking point, of metalli 
s sealed therein, a refractory у 
mounted on or olectrically connected to 
wire, the said wires within the globe aust 
parts of the refractory body 


4. The combination, with a globe 

hausten to tlic non-strikiua p 
etallic wires soaled therein, a refractory 
conductor united to each of seid wires witli- 
im the globe, an insnlating-coveriag avound. 
the wires and joint, and a refractory insulate 
ing-body surrounding the refractory conduet- 
rs near the ji ах set forth. 

NIKOLA TESLA, 
Witness 


Кошт F. блик, 
PARKER W. Pack, 
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To alk whore iè may concern: 
Ве itknown that I, NIKOLA TESLA, a. 
of the United States, residing at New York, 
in thocounty nnd Stato of New York, havo in- 
5 vontedacoriaio now and useful Improvemont 
in Incandescent Electric Lamps, of which 
the followiag is а speciGeation, гебегозсо bo- 
ing had to tho drawings accompanying and 
forming a part of tbe same. 
to ‘This invention is ao improvement in tbo 
particular class of olectric lamps or lighting 
devices invented by mo and for which I havo 
herotoforo obtained Letters Patent, notably 
No, 454.622, dated Jano 23, 1891. 
ts — The iovontion npplias more particularly to 
that form of lamp in which а smali body or 
button of refractory mate: supported by 
а conductor entering а very highly oxbaustod 
globe or roceiver, but іа also applicable gon- 
зо erally’ to other forms of lamp adapted for uso 
with similar systems in which curronts of 
very high potential ond groat fcequoney aro 
employod. Lbavo found in tho practical ap- 
plications of this system that а considorable 
25 dissipation of energy takes placo from tho 
conductors convoyiug the currents of great 
potential and frequency, even whon such con- 
actors аго thoroughly insulated both within 
and without tbo lamp globos, and tho sub- 
ject of my present invention is a means for 
prevonting such dissipation within the lamp, 
or rather for confining it to the particular 
Parts or part of the conductor which is de- 
signed togivolight. Thisobjoct I find I may 
readily accomplish by surrounding the lead- 
ingia end supporting conductora with a con- 
ductor which aet» asastatioscroon. Ву this 
means the light-giviog body or button which 
lica beyond tho influence of the screen is 
quickly and efficiently brought to and main- 
tained at higber incandescence by а suitable 
eloctrical current or effect, by reason of tho 
fact that tho electrical action to which tho 
ішезодевсепез 13 duo is confined mainly tothe 
45 button. 

‘A description of tho ordizery form of lamp 
which I employ will servo to illustrate the 
principle and nature of this improvement, 
ad for euch description I nov refer to the 


з 


° 


drawings which show such lamp in central ṣo 
ertical section. 

A is a glass globo of the usual form, in tho 
baso of which is sealed a vory thin conduct- 
ing wiro В, passing up through a stem of 
glass or othor refractory insnlator С. "To tho 55 
upper or innerend of this wire ib anited,as by 
meansof a massof carbon pesto D, a carbon or 
other refractory stem E, that supports or car- 
rics a sinall button of carbon or otborauitabJo 
substance F. Over the stom C io passod, at бо 
any conveniont stage in tho mauufacturo of 
tho lamp aud in any woll understood way, 
metallic tube С. I profer to uco Гог thia pn 
pose a very thin cslindor ог tnbo of alumi- 
num and itsbouldontirely surround all parta 6s 
of tho conductor within tho globe oxcopt the 
button itself, extending to or nearly upto the 
point of anion of tho stem E with tho button 
F. Such a device by ronson of its oloctro- 
static action roducos the loss of onorgy sup- зо 
pliod to tho bulb, proventing its radiation ог 
dissipation into space oxcept through tho ex- 
posed or unprotected button. Tho tubo or 
Screen G is entirely insulated from tho con- 
ductors within tho globe and from all охор 75 
nal conductors or bodios. The globo, by 
monas of a Suitable air pump, is ozhausted. 
to as high a degreo as practicable, or until a 
non-striking vacuum is attained, It is con- 
nected with the pamp by the usual tabo which 
is soaled off at K. 

The lamip шау be mado in differont forms 
anà in different ways, aud tho invention, as 
may be reedily understood from it» above 
described nature and purpose isnot confined. 
to tho specific form of lamp heroin shown. 

What I claim is— 

1. In an incandescent electrio lamp, the 
combination of an exhausted globe, а refrao- 
tory light-giving body theroin, а сопасећог 
leading iato the globo aad connected to or 
supporting the said body, and a condcotin, 
screen surrounding the sajd conductor, ns set 

fort. 

2. In en incandescent electric lamp, tho ox 
combination of an exhausted globe, a rofrec- 
tory Веће Иса body or button therein, a 
corducting supnert Тог ваја br:ttoa within the 
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globe, and a motallic tabosurmanding or in- | said atem, and a couducting tube or cylinder 
losing the said conductor up to the poiat of | aurroauding the wirenad carbonstem.as and to 
оо with tho button, ns se forth; for (he purpose sot forth. И 

. Та incandeecent electric lam; 12 

5 combination of an exhausted globe, в wire NIEOLA TESUA. 
sealed tberelo, nad coated with or embedded | — Witaesses: 
in a glass stein, в carbon stem united with ERNEST Погкімох, 
the wire, а refractory conductor mounted oa PARKER W. PAOE. 
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N. TESLA. 
INCANDESOENT ELEOTRIO LIGET. 
No. 514,170. Patented Feb. 6, 1894. 
Witnesses: Lwentor 
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То all whom it may concern 

Ho it known that I, Nikona Tess. 
Jeet of the Emperor nf Austri 
Lika, border country of Anst 
siding at New York, in the county 
©: New York, have invented certain newand 


usectl Improvements in Methods of aad Ap- | 


paratus for Electrical Conversion and Distri 

ution, of. which the following 
tion, reference being had to the drawings ac- 
companying and forming а part of the Sune 

‘This invention is an improvementin metli- 
ods of and apparatus for electrical conversion, 
designed for the botter and moro cconomi- 
eal distribution and application of electrical 
energy for general useful purposes. 

My invention їч based on certain cleetrical 
Phenomena which have beon observed by 


is a specifica- 


eminent scientists and recoguized as uuo to 
on- 


laws which havo been in л ineasure de 
strated, but which, ко far as I am aware, 
uot hitherto been utilized ог appliod with: 
any practieally useful results. Stated brief- 
ly, these phenomena aro as follows: First, if 
à condensor or conductor possessing capacity 
be charged from a suitable generator, aud 
discharged through a circuit, the discharg: 
under certaiu.conditions will be of an intor- 


vo 


twa points in an eicetrie circuit 
neunentrapidly rising and fall 
is made to flow, bo connected with the plates 
ог armatures of a condenser, a variation in 
the current’s strength їй the entire eireuit or 


rough which 


Strength 


duced; third, 
such Variation in the current’s stren 
dépendent upon the condenser capaeity, the 
self-induction and resistaues of the circuit ог 
Из sections, and the period or time rate of 
chango of theenrrent. It may be observed, 
however, that these several factors—the ca- 
pacity, the selCinduction, resistance. and pe- 
viod—are all lated iaa manner well under« 


stwoil by electricians, but to render such con- 
verior 


as may be effected Uy condensers 

lable und usefal it is desir- 
increased out- 
l reduced созі оГ tho 
impulses suc- 


put and ей 


шеу ai 
apparatus, to produce curre 
ceeding ench other with very great rapi 
or, in other words, to vender the du 


18, datod November 3, 1801, 
380182. No moel) 


each impulse, alternation, or oscillation of 


а sub- | the current extremely small. To the many 
miljan, | dificulti 

chanically, as by means of rotating switches’ 
| or interrupters, ix perhaps due the failure to 


in th 


way of effecting this mo- 


realize practically, at least toany marked de- 
gree, tho advantages of which such a system 

capable. "To obviate these difüculties, 1 
have in my present invéntion taken ml- 
vantage pf the fact above refertcd to, and 
which has been long recognized, that if a con- 
denser оға conductor possessing capacity be 
charged from а. le source and bo dis- 
charged throngh a circuit the dischargo ûn- 
der certain conditions, dcpendent on tho ca- 
pacity of the condenser or conductor, tho self- 
induétion and resistance of the discharging 
circuit, aud the rate of sunply and decay of 
the electivenl energy, muy be effected inter- 

ишу or in the form of oscillations Gf өз 
tremely small period 

Впїейу stated in general terms, tno pinn 
Мен | pursue in carrying out my invention 
is as follows: 

І omploy а generator, preferably, of very. 
high tension and capable of yielding cither 
ireet oralternating currents. ‘This generator 
Teonneet up with а condenser or conductor 
of some capacity and discharge the accumu: 
lated electrical energy disruptively through 
an air-space or otherwise ihto a working cir- 
cuit containing translating devices and, when 
required, condensers. ‘These discharges may 
bo of the same direction or alternating and 
intermittent, succeeding cach other more ог 
less rapidly or oscillating to and fro with ex- 
treme rapidity. In the working circuit, by 
reason of the condenser action, the current 
fimpulses or discharges of high tension and 
small volume aro converted into currents of 
lower tension and greater volume. "The pro- 
duction and application of a current of such 
rapld oscillations or alternations (the number 
may be many millions per socond) secures, 
Ainong others, tho following exceptional nd- 
vantages: First, the capacity of the conde! 
ers for x given ontput is much diminished; 
second, the efficiency of the condensers is in: 
creased and the tendency 10 bocone heated 
redacod, und, third, tho rango of conversion 
is enlarged. "I have thus suecceded in pro- 
slucing à system or method of conversion 
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radically different from what has been done 
beretofore—first, with respect to the cumber 
of Impulses,nlternations.or oscillations of cur- 
твор per unit of time, and,second, with respect 
ta tbe mannor in which the impulses are ob- 
talned. To express this result, 1 define the 
Working current asune uf nn excessively small 
poriod or of an excessively large numberof im- 
pulses or alternations or oscillations per unit 
of time, by which I mean nota thousand ог 
even twenty or thirty thousand per second, but 
many times tbat number, and one which is 
mado intermittent, alteroating, ог oscillating 
of itself without the employment of mechani 
cal devices. 

1 now proceed to an explanation somewhat 
more in detail of the naturo uf my invention, 
referring to the accompanying drawings. 

‘The two figures aro diagrams, each repro- 
soutiog А yenerating-circuit, в working cir- 
cuit, means for produciog an intermittont. 
or cseillatiog discharge, aud condensers ar: 
ranged or combined as contemplated by my 
iuveotion. 

1n Figure 1, A ropreseutsagenerator of high 
teosion; В В, the conductors which lead out 
from the same, То these conductors are con- 
nected the conductors C of a working circuit. 
containing translating devices, such as io- 
саадевсен InmpsormotorsG. In oncor both 
conductors В ія a break D, the two ends bo- 
ing separated by Ап wir-space or a film of insi- 
lation, through which a disruptive discharge 
takes place. Е is а condonser, the plates of 
which аго connected to tbegenerating-cireait. 
Ifthis circuit possess itself suMlcient capacity, 
the coudensor F may be dispensed with. 

In Fig. 2 the generatiog-cireuit В B con 
tains a condenser F aud discharges through 
tho air-gaps D ingo the working cirenit C, to 
алу two ропиа of which is counected a con- 
denser E. The condenser Eis used to modify 
tho current in ппу part of the working circuit, 
Bach as Le 

Tt may conduco to а bettor upderstanding 
of tho invention to consider iore in dotail 
the conditions existing in such n system ла 
is illustrated in Fig.l. Letit bo assumed, 
therefore, that in tho systom thoro shown the 
rato of suppiy of the electrical energy, the | 
capacity, self induction, and the resistance of 
tho circuits aro so related that a disruptive, 
intermittent, or oscillating disebargo occurs 
ALD. Assume that the first-named takes 
place. ‘This will evidently occur when the 
Fate of supply from the generator is not ade- 
quate to tho capacity of tbe generator, соп- 
ductors B B, and condenser F. Each time 
the condanser F is charged tosuch an extent 
that the potential oraccutmulated charge over- 
comes the dielectric strength of the insulat- | 
ing-space at D the condenser is discharged. 
It is theu recharged from thezenerator A. and. 
this process is repeated in more or less rapid 
succession. The discharges will follow cach | 
other the imora rapidly the more nearly the 
tate of supply from the generator equals the 
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rate лї which the circuit jocludiog the gen- 
orator is capable of taking np and getting rid 
ofthe energy. Since the resistance and self- 
induction ut the working elreuit С and the 
rapidity of tho successive discharges may bo 
varied at will, tho current strength іш the 
working and generating cireait may bear to 
one nuother boy desired relation. 

To understand the action of the local cov- 
donser E iu Fig 2,let а single discharge be 
first considered. This discharge bns two 
paths offered--one to tho condenser E, tho 
other through the part L of the workiog cir- 
cuit С. ‘The part L, however, by virtue of Ив 
self-induction, offers a strong opposition to 
Such n sudden спиро, while tho condenser, 
оп tho other hand, offers bo such opposition. 
"The result is that practically no current 
passes at first through the branch L., but рге 
sumably opposite viectricities rush to tho 
condensor-coatings, this storing for tho two- 
ment electrical enorgyin the condooser. Timo 
is gained by this шеаоз, und the condenser 
then discharges through the branch L, this 
process being repeated for each discharge ос- 
carring at D. ‘The amonat of electrical ou- 
‘ergy stored in the condonser at each cbarge 
is depondent upon the capacity of tho con 
denser and tho potential «f ita plates. It is 
evident, tboreforo, that tho quicker the dis- 
charges succeed oach otber the smaller for n 

jven output need be the capacity of the qon- 

oaser aud tho greater is also the efüiclonoy of 
tho condenser. This is confirmed by prao- 
tical results. 

Tho discharges occurring at D, ав stated, 
золу bo of tho вате direction or may be alter: 
сабор, and ia the former caso tho devices 
contained io the working circuit шау be trav- 
erséd by currents of tho same or alternately- 
opposite direction. It may be observed, how- 
‘over, that ench iotermittout discharge ocour- 
ring at D may consist of a numbor of oscilla- 
tions in the working circuit or branch 1, 

ically oscillating discharge will oc- 
cur at D in Fig. 1 wbon tho quantities con- 
cerned boar a vortain relation orprossed in 
well-known formule and ascortained by sim- 
plo experiment. In this caso it ів domon. 
strated in theory and practice that tho ratio 
of the strength of the current in tho working 
tothat in thogenerating circuits is tho greater. 
the greater the self-induction, and thesmalior 
the resistance of tho working circuit tho 
smaller tho period of oscillation. 

1 do not limit myself to the use of any spe- 
cific forms of the apparatus described in con- 
nection with this iaveution nor to tho precise 
arrangement of the system with respect to its 
dotails herein shown. In“the drawings ro- 
tura-wiresare shown in tho il 
be understood that in muy caso tho ground 
may bo convenieatly used in lieu of the re. 
turn-wire. 

What I claim is— 

. The method of electrical eonvorsion bere- 
in described, which consists in charging acou- 
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denser or conductor possessing capacity апа 

succession of intermittent or 
oscillating disruptive discharges of said соп- 
ductor iuto a working circuit containing 
translating devices. 

2. [n a system of electrical conversion, the 
combination of a generator or source of elec- 
tricity and a line or generating circuit con- 
taining а condenser or possessing capacity, 
aud a working circuit operatively connected 
with the gonerating-cireuit through one or 


more air-gaps or breaks in the conducting 
mediiim, the electrical conditions being so ad- 
justed that an intermittentor oscillatiug dis- 
Tuptive discharge from the geverating Into 
the working circuit will be maintained, аз set 
forth. 


NIKOLA TESLA 
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UNITED STATES 


NIKOLA TESLA, OF N 


PATENT OFFICE. 


EW YORK, N. Y. 


MEANS FOR GENERATING ELECTRIC CURRENTS. 


SPECIFICATION forming pert of Lettere Patent No. 514,168, dated February 6, 1894. 
рађени Ded Augen 3, 1803. etal Ne 482.264. Ge motel) 


To all whom it may concern: 
Вай kuown tbat I, NIKOLA TESLA, a citizen 
of the United States, residing at New York, 
in the county and State of New York, have i 
5 vented certain new and aseful Improvements 

in Means for Generating Electric Carrents, of 
which tho following is a specification, refor- 
once being had to tho drawipgs accompany ны 
and forming a part of the same. ^ 

‘Tho invention, subject of my preset ap- 
plication, is an improvement applicable more 

ally to the method or system 

ating and utillziog electrical energy 
fore discovered by гле, and more fully set 
forth in Letters Patent No. 454,622, of Jano 
23, 1891, and Мо, 462,418, of Noveroher 3, 1891, 
and which involves the main 
Vermittent or oscil'atory discharge of n con- 
denser or circuit of suitable capacity into a 
working cireuit containing translating d 
vices. lu systems of this character when tho 
Ligh frequency of the eurronts employed is 
duo to the action of a disruptive or intermit- 
tent discharge Across ап air gap or break at 
some point of tke circuit, I Бато fouud it to 
bo of advantage not only to break up or do- 
Stroy the least tendoncy to continuity of the 
are or discharge, but also to control the period 
of the re establishment of the same, and from 
investigations made by mo with this object 
in view I havo found that greatly improved 
results aro secured by causing Шо discharge 
to tako place iu and through an insuiating 
liquid, such as oil, and instead of allowing 
tho teriainal points of tho broak to remain at 
а uniform distanco from each other, to vary 
such distanco by bringing them periodically 
in actual contact or suificiently near to estab- 
lish the discharge aud then separating them, 
or what is the equivalent of this, throwing ia 
aud out of tho қар or break я conducting 
Uridge at predetermined intervals. To ob- 
tain the best results, moreover, I find it os- 
sential to maintain at the point of discharge 
a flow of the insulating mediom, or, in gen- 
ral, such a circulation of the sae өз will 
constantly operate to eut of or break up tho 
discharge as fast as it is established. Tho 
accomplisbmont of this latter result involves 
the employment of some mechanism for main- 
taining the flow or circalation of tho insalat- 
ing medium pest tho pointsof discharge, atà 
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1 tako advantage of the presenco of such 
tnecbanisin to accomplish a further and bono- 
ficial result which is the maintenanco of а 
flow or circalation of tho insnlating liqnid in 
which 1 immerse tho converter coils usod for 
raisiog tbe potential of the current, aud also 
the condonser platos when snch aro requirod 
aud used. By this moans tho insulating 
aid surrounding the said coiis aud plates 
may be prevontod from heating, either by its 
lation alone or by the application to it 
ja motion of a cooling medium, and its 
requisito qualities preserved for au indeünite 
ШЗ 
Broadly considered tho plan contemplato 
is entirely independent of tho specia! mentis 
for carrying it into execatiou, but in illustra- 
tion of the preferred manaor in which tho in- 
voation is or may bo carried out, I по refor 
ra wings which aro hereto annee. 
Figuro 1 is a diagram of thesystem and do- 
vices employed by me. Fig. Yin a soctional 
viow of a detail of mechanisin. 
G represents an electric generator, ax (оғ 
instance, an ordinary alternator, in the cir- 
of which is tho. primary P of n traun- 
of which S represents tho secondary, 
h is usually of much louger and Gner 
wire than thepritoary. ‘To the secondary cir- 
cuit, if it have not of itself suficient capac- 
ity for tho purpose herein coutempiated, aro 
connected tho plates of а condouser C, nud at 
ny poiut in said ei ка bronk or gap at 
which occurs tho disruptive discharge. Iu a 
portion of the secondary circuit, proforably 
їо series with the condenser, as shown in ti 
drawings, is à primary coil P’ with which 
associated a secoudary S’, which latter соп. 
stitutes tho ultimate sourco of onrrents for a 
г circuit D in which or with which ara 
ectod translating devices Е. Under the 
conditions assumod it will be understood that 
by the oscillation or change caused by tho ac- 
tion of the discharge, the condenser ischargod 
and discharged setting up in the primary P^ 
an electrical disturbance of enormous fre 
queucy, ая bas boon explained іш my patent 
reierred 10, and as is now.well understood. 
Instead of employing twa terminals at a fixed 
distance, lfowever, for tho gap across which 
the discharge takes place, I vary tho distanco 
betwenn them, or whatis practical! tho same 
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Мор, I interpose between said terminals а 
conductor or а series of conductors success. 
ively by means of whtch the effective dis- 

о or length of the path of discharge is or 
may bevariod at will. ‘This I accomplish io 


1. To the end of this tube issecured an c: 
material and tho two 
G” are caused to project through 
tho sides of the same, as indicated in Fig. 2. 
Within the extension I secure two eross-bars 
1l which afford bearings for the spindle of a 
small metallic turbine I, the blades of wh 
as the-turbine revolves, bridge tho space bi 
tween the two terminals, nearly or а 
touching tho terwinals in their movemont, 
1t now the tank E bo filled with oil and the 
latter із drawn off or permitted to flow off 
trough the tube A, the turbino will bo ro- 
tated by the flow, the rato of rotation being 
dependent upeu the rato of flow. By this 
means the are or discharge is periodically es- 
tablished throught a fow of oil, which secures 
in tbe most satisfactory manner tho condi- 
tions best adapted for practical results. 

"ће further objects of the invention aroso- 
cured by placing tho trabsformer P'S’ in the 
body of oil in tho tank В, aud the condenser 
in a closed receptaclo L. Thon in order to 
maintain a circulation of tho ой and to pro- 
vido Гог the requisite flow which rotates the 
turbine, I connect the tank B with (бе con- 
denser box T. by means of the pips I also 
run л pipo М from the box I to a small ro- 
tary pump М, and another pipe О from tho 
latter back to tho,tank В. 

When necessary or desirable I may insort 
in the pipe О a coil R, which is contained in 
а jacket T through which a cooling medium 
is passed, 

The flow of oil isregulnted by the spoed at 
which the pump N is drives, and by this 
moans tho period of re-establishment of ti 
are is controlled. 

Having now described wy invention 
tbe best meat 
the хало is oz 
1 elaim із-- 

1. lu an electrie system of tbe kind de- 


od 
of which 1 am aware ia which 
ау Бе carried into offoct, what 


seribed, the combination with tho points оғ 
terminals betwoen which occurs the inter- 
mittent or oscillating discharge of means for 
maintaining between said points and in the 
path of the discharge a flow of insulating 
liquid, as set forth. 

2. Та an electrical system of tho kind a- 
scribed, the combination witha transformer, 
and the poiats or terminals between which 
occurs the intermittent or oscillating dis- 
charge, of а body of insulating liquid sur- 
rounding the same, and means for maiotair - 
ing a flow or circulation of the samo, as set 
forth. 

3. Та an electrical system of the kind de- 
scribed, the combination with a transforme- 
aud the points ог torminals between whic: 
occurs the intermittont or oscillating 
charge, of receptacles 
containing oil and moa 


is 
losing Шо samo and 
for maintaining а 
flow of tho oil through said receptacles nnd 
around tbe dovices therein, ns set forth. 


4. In an electrical systom of tho kind do- 
scribed, tho combination with tho points or 
terminals botween which occurs tho intor- 
mittent ог oscillating disebarge, of n means 
for maint а dow of insulating liquid 
botween the discharge points, and means for 
умту the length of tho pi 
through such fluid, dopendent for operation 
проц the fow of Шо зашо, as set forth. 

5. Tho combination with dischargo poiuts 
immersed ia oil, of means for periodically va- 
rying the length of tao path of discharge be 
tweoa thom, as described. 


6. Tho combination with discnarge роит - 


immersed in oil, of а conductor adapted to pe- 
riodieally bridge tho space between such 
points, us sot forth. 

7. Tho cowbivatior with discharge points 
immersed in oil, means for cansing a flow of 
the oil between said points and a motallic 
turbine moucted betweon the poiuts and 
adapted by the rotation produced by the flow- 
ing oil to bridge with its vaues or blades the 
spaco betweeo {ho said points. 

NIKOLA TESLA. 


Witnesse 
Порт. F. GAYLORD, 
PARRER W. PAGE, 
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To all whom it may concern: 
Ye it known that 1, NIKOLA TESLA, a cit 

zen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Tu- 
provements in Methods of Regulating Appa- 
satus (оғ Producing Currents of lligh Fre- 
aquency, of which the following is a spccifica- 
tion, referenco being had to the drawings ac- 
ing and forming a part of the same. 

provious patents and applications [havo 
shown and described л method of and appa- 
rabus for generating electric currents of hi 
frequency suitably for the production of va- 

15 rious novel phenoniona, such as illumination 
by moans of vacuu-tubes, tho, production 

of ozone, Roentgen shadows, and other pur- 
‘rhe speci 


ratus of ti 


20 cuits carrying currents in (ће natare of those 

classed as direct, or such as are genorally ob- 

taiuable from the ordinary circuits used in 
annnicipal systems of incandescent lighti 
iy based upon the following prin 

25 "Ті euorgy of the dircct-eurrent supply is 
periodically directed into and stored in a cir- 
cuit of relatively bigh self-induction, and in 
such form is employed to charge а condenser 
or circuit uf capacity, which, in turn, 

зо caused to discharge through a circuit of low 
self-induction containing means wheroby the 
interinittent current of discharge is raised to 
the potential necessary for producing any do- 
sired effect. 

35 Considoring the conditions necessary tor 
the attainment of these results, thoro will 
bo found, as the essential elements of tho 
system, the supply-cireuit, fi 
periodic impulses аге obta 

be regarded us the local circuits, com- 

g the circuit of high self-induction for 

д tho condenser and the ci 

low selfinduction into which the con 

discharges and whi 

the working 
devices for utilizing the current, өс 
inductively related to a seconda 

which constitutes the working circuit prope: 

‘These several circuits, it will bo understood, 

шлу be more or less intorconnocted; but for 

purposes of illustration Шоу may bo regarded 
аз practically distinct, with a circvit-con- 


4 


circuit 


so 


with a primary of a transformer iu the lat- 
tor circuit baving its secondary in that which 
contains the devices operated hy the current. 
о this system or combination the inven- 
tion, subject of my present application, per- 
tains, and bas for its object to provide а 
proper and economical means of rezulalioi 
therefor 

It is well knovn that every olecirie circuit, 
provided its оше resistancedoes notexceed 6s 
Certain definite limits, has a period of vibra- 
tion of its own analogous tothe period of хі 
bration of a weighted s Тп order to'nl- 
ternately charge a ziven circuit of this el 
acter by periodic impulses impressed upon it 7e 
and to dischargo it most effectively, the fro- 
quency of the impressed impulses should bear 
а definite relation to tho frequency of vibra- 
tion possessed by tho cirenit itself. More- 
over, for liko reasons tho period or vibration 75 
of the discharge-circuit shoul bear a similar 
relation to the impressed impulses or tho 
period of tho charging-civenit. When tho 
conditions aro snch that the general law of 
harmonic vibrations is followed, tbe cireuits 
aro said to be in resonance or in electromag: 
notie synehronisu, and this condition I have 
found in my syster to bo highly advanta- 
geoox. Hence iu practico I adjust tho elec- 
nl constauts of the cireuits so that in nui 
nml operation this condition of resonance is 
approximatelyattained. ‘Toaccomplish this, 
the number of impulses of current directed 
to tho charging-eireuit per май timo ia 

I to the period of tho char 

cnit itself, or, generally, to а harmonic therc- 
of, and tho smao relations are maintained 
between tho charging and dischargo circuit. 
Any departure from this condition will ro- 
эш in a decreased output, and this fact I 
take advantago of in regulating such output 
by varying the frequencies of the impulses 
or vibrations in tho several circuits. 
Inasmuch as tho period of any givon cir- 
i із upon tho rolations of its resist- 
duction, and capacity, n variation 
y one or more of. theso may result in а 
variation іш its period. "hero ze thorefore 
various ways in which the frequencies of 
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vibratian of th 
referred 10 may be varied, bul the most ргас- 

amd eiicient ways of accomplishing 
(а) vary- 
ng the rate of the impressed impulses of cur- 
rent, or those which are directed from the 
souree of supply into the cha 
‘by varying the speed of the commutator or 
ollicrcircuit-eontroller; (0) varying the self- 

ion of the charging-circuit; (с) vary: 

duction or enpacity vf the dis- 


Го regulate the output of a single cirewt 
wii toe oe еа рне 
would evidently require, 


for any extended range of regulation, a very 
vide range of variation of period; but m the 
system desezibed a very wide range of ге 


£ the output may be obtained by а 
very slit. change of the frequency of one of 
the circuits when the above-mentioned rules 
ато observed. 

lu illustration of my invention I have 
shown by diagrams in the accompanying 

^f the more practicable means 
the вате, The figures, as 
stated, are liagramimatie illustrations of the 
system in its typical form provided with re 
lilating devices of dilferent specifie charac- 
hese алташ wiil be deseribed in de- 

tail in their order. 

In cach of the figures, A B designato the 
conduetors of a supply-citenit of continuous 
current; C, а motor 
any of the usual ways and drivinga current- 
controller D, which serves toalternately close 
the supply-cireuit through the motor or 
through а self-induetion coil E and tocon- 
весь such motor-circuit with a condenser F, 
the circuit of which contain 
G, in proximity to whic 4 
I, serving aa the source of supply to tho werk 

z circuit, or that in which arc connected np. 
the dovicés К К for utilizing the current. 
as The circuit-eontroller, it may be stated, is 

any device which will permit of a perivdie 

F by the energy of 
discharging into 
ion supply 


ю 


the supply-circuit, and i 
a circuit of low sei 
rectly or indirectly 
Inaxinueh as the gouree of supply is generally 
of low potential, it is undesirable to charge 
the condenser directly therefrom, as а con- 
denser of large capacity will'in such cases bo 
required. 1 therefore employ a motor of high 
self-induetion, or in place of от in addition to 
Such motor a choking оғ self-induction сой 
E, to store up Шо exergy of the supply-cur- 
rent directed icto it and to deliver it in the 
form of a high-potential discharge when its 
circuit is interrupted and connected to the 
terminals of the condenser. 

In order to secure the greatest efficiency in 
asystem of this kind, it is essential, as T have 
before stated, that the circuits, which, mainly 
256 metterof ace, Í have designated 
as the “charging” and the “discharge” cir- 


в 


6 


бег. 


several сјени in the system | 


178 


cuits, should be approximately іп resonanec 
orelectromaznetic synchronism. Morcover, 
in order to obtain the greatest output from a 
given apparatus of this kind, it is desirable 
to maintain as high a frequency as possible: 

‘The electrical conditions, which are now 
well understood, having been adjusted Чо sc. 
cure, аз far as practical considerations will 
permit, these results, I effect the regulation 
of the system by adjesting itselements so 
to depart in a greater ог less degree from 1 
above conditions with a corresponding vari 
tion of output. Forexample, as т Figure 1, 
| т may vary the speed of the motor, and co 
sequently'of the controller, in any suitable 
manner, zs by means of a rheostat L in a 
bunt to such motor or by shifting the posi. 
tion cf the brushes on the main. сете 
M of the motor or otherwise. Л very slig! 
variation in this respect, by disturbing [i 
relations between the rate of impressed im- 
pulses and tho vibration of the circuit of high 
self-induction into which they are directed, 
caüses а marked departure from the condi 
Чоп of resonance and a corresponding redue- 
tion in the amount of energy delivered by the 
impressed impulses to the apparatus. 

A similar result may be secured by 
Syiugany of the constants of the loca cireni 

above indicated. For example, in Fiz. 
the choking-coil E is shown as provided with 
ап adjustable core Х, by the movement. of 
which into and ont of 1hocoi! tho self. induc- 
tion, and consequently tho period of the cir- 
cnit containing such coil, may be varied. 

As an example of the 
cbarge-cirenit, or tiat iuto which the con- 
denser discharges, may be modified to pro- 
duce the same Tesult I have shown іш Fig. 
stable self-indu coii R in the cir 
cuit with the condenser, by the adjustment 
of which the period of vibration of such сіз 

iit may be changed. 
‘The same result would be secured by vary- 
ing the capacity of the condenser; But И the 
condenser were of relatively lange capacity 
this might be an objectionable plan, and а 
more practicable method is to employ a v: 
able condenser in the secondary or work 

ireuit, as shown fn Fig. 4. As tho potential 
іп this circuit is ed to a high degree, а. 
condenser of very small capacity may be om- 
ployed, and if the two circuits, primary and 
Secondary. are very intimately and closely 
connected tho variation of capacity in th 
secondary is siwilar in its eifeets to the vari 
ation of the capacity of the condenser in tho 
primary. I have illustrated as a meaus well 
adapted for this purpose two metallic plates 
$ $, adjustable to and from cach other und 
constituting the two armatures of the con- 
dcuser. 

1 bave confined the description herein 10 
а source of supply of direct current, as to 
| such the invention more particularly applies, 
but it will be understood that if the system. 

by periodic impulsos from any 
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source which will effect the same results the 
regulation of the system may be effected by 
the method herein described, and this my 
claims are intended to include. 

s What I claim is— 

1. The method of regulating the energy de- 
livered by а system forthe production of high- 
frequency currents and comprising л supply- 
ciscuit, a condenser, a circuit through which 
the same discharges and means for control- 
ling the chargiog of the coudenser by the sup- 
ply-cireuit and the discharging of the same, 
the said method consisting in varying the ге: 
lations of the frequencies of the impulses in 
»5 the circuits comprising tho system, аз set 

forth. 

2. ‘The method of regulating the спогду de- 
livered by a system for the production of bigh- 
frequency currents comprising a supply-cir- 

е» cuit of direct currents, a condenser adapted 
to be charged by the supply-cirenit and to 


тв 


discharge through another circuit, the said 
method 


sisting in varying the frequency 
'ulses of current from the sunniv- 
circuit, as set forth. 
3. The method of producing and regulating 
electric currents of high frequency which con 
pply-cir- 
-circuit of high self-in- 
rging а condenser by the accu- 
mulated encrgyof such eharging-circuit, dis- 
charging tho condenser through a circuit of 
low во induction, raising the potential of 
the condenser discharge and varying tho re- 
lations of the frequencies of tho electrical 
impulses in tho said circuits, as berein set 
forth. 


NIKOLA TESLA. 
Witnesses: 
M. LAWSON DYER, 
Drury W. COOPER. 
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To all whom it may concern: 

Beit known that I, NIKOLA TESLA, a citizen 
of the United States, residing at Now York, 
in the county and State of New York, have i 
vented certain new and useful Improvements 
in Apparatus for the Production of Eiectrie 
Currents of High Froqueney aod Potential, 
of which the following is a specification, ref- 
erence being had to the drawings aceompany- 
ing and forming a part of the same. 

"rhe invention which forms the subject of 
my present application is embodied іп an im- 
provement on an electrical apparatus in- 
vented by nie and described in prior Letters 
Patent, notably in United States Patents No. 
462,418, dated. November 3, 1801, aud No. 
454,022, dated June 23, 1891. ' This apparatus 
was devised for tho purpose of converting 
and supplying olectrical energy in а form 
suited for the production of certain novel 
electrical phenomena which require currents | 

her frequency and potential thán can 

y or even possibly be developed by gen- 
erators of the ordinary types or by such me- | 
chanical appliances as were theretofore 
known. The apparatus, аз а whole, involves 
means for utilizing tho intermittent oF oscil- 
lating discharge of the accumulated electrical 
energy of a condenser cuit possess- 
ing capacity in what may be designated the 
“working "circuit, or that which contains the 
trauslating devices or those which аге oper- 
мей by such currente. 

The object of my presen | 
to provitle a simple, compact, and effective | 
apparatus for producing these effects, but 
adapted more particularly for direct applica- | 
tion to and uso with existing circuits carry- | 
ing direct currents, such as the ordinary mu- | 
nicipal incandescent-lighting circuite. The 
way in which I accomplish this, soas to шесі: 
‘the requirements of practical aud economical | 
operation under the conditions present, wiil | 
be understood from a general description of | 
the apparatus which I have devised. Io any | 
given circuit which for present purposes may | 

о considered as conveying direct currents | 
or those of substantially tho character of 
rect ог continuous currents and which for 
general purposes of illustration may be as- 
‘sumed to boa branch or derived cireuit across 
the mains from any ordinary source, I Inter- | 
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pose a device or devices in the nature of а 
| choking-coil in order to give to the circuit a 
| high self-induction. lalso provide a circuit- 
| controlier of any proper character that may 
be operated to mako and break said circuit. 
Around the break or point of interruption 1 
place а condenser or condeusers to storo the 
| energy of the discbarge-current, and in a lo- 
| cal circuit and in series with euch condensor 
I place the primary of a transformer, the sec- 
ondary of which then becomes tho sourco of 
the currents of high frequency. “It will be 
| apparent from a consideration of the condi- 
tions involved that wero the cendenser to be 
| directly charged by the current from the 
source and then discharged ipto the working 
| circuit a very largo capacity would ordinarily 
bo required, but by the above arrangoment. 
the current of high electrouotive force which 
is induced at each break of the main cireuit 
furnishes the proper current tor charging tho 
condenser, which may therefore be small and 
inexpensive. Moreover, it will bo obsorved 
that since the self-induction of the circuit 
through which the condenser dischargos, вв 
well as the capacity of tho condensor Месії, 
may be given practically any desired value, 
the frequency of the discharge-current may 
be adjusted at will 
"The object sought in this invention may be 
realized by specifically difforent arrango- 
mentsof apparatus, but in the drawings heroto 
annexed I bave illustrated forms which are 
| typical of the best and most practicable menns 
for carrying out tho invention of which I am 
мї present aware. 

Figure 1 is a diagrammatic illustration of 
tho apparatus, and Fig. 2 а modification of 
tho same. 

Referring to Fig. 1, Adesignatesany sourco 
ot direct current. In апу branch of tho cir- 
cuit from said source, such, for example, as 
would be formed by the conductors А” А” 
from the mains A‘ and the conductors K К, 
are placed self-induction or choking coils B 
В and а cireuit-controller C. This lattor 
may be an ordinary metallic disk or cylinder 
with teeth or separated segmonts D D E E, of 
which one or more pairs, as E E, diametrically 
opposite, are Integral or in electrical contact, 
with the body of tho cylinder, во that when 
the controller 15 in tho position in which the 
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two brushes F F bear upon two of said seg- 
ments E E tho circuit through the choking- 
coils Bwill beclosed. ‘The segments D Dare 
insulated, and while shown in the drawings 
5 as of substantially the samo length of are as 
"the segments E E this latter relation may ђе. 
varied at will to regulate the periods of charg- 
ing and discharging. 

‘The controller C is designea to be rotated 

10 by any proper device, such, for example, as 
an electromagnetic motor, as shown in Fig. 2, 
receiving current either from the main source 
or elsewhere. Around the controller C, or in 
goneral in parallel therewith, is a condenser 

15 Й, and in series with the latter the primary 
K'of a travsformer, the secondary L of wi 
constitutes tho source of the currents of high 
frequency which may be applied to many 
useful purposes, as for electric illumination, 

го the operatibr: uf Crooke's tubes, or the pro- 
duction of high vacua. 

I, indicates th circuit from the secondary, 
whicb may be regarded as the working circuit. 

A more convenient and simplified arrange- 

25 mont of the apparatus isshown in Fig. 2. In 
this case the small motor С, which drives the 
controller, has its field-coils ia derivation to 
the main circult, and the controller С and 
condensor Н аге їп parallel in tho field-cir- 

Зо cuit between the two coils. In such саве the 
field-coils M tal e the place of the choking: 
coils В. In this arrangement, aud in fact 
generaily, it is preferable to ‘use two con- 

езет or а condenser in two parts and to 
arrange the primary coil of the transformer 
between them. The interruptions of the 
field-circuit of the motor should be so rapid 
аз to permit only a partial demagnetization 
of thecores. ‘These latter, however, should in 
до this specific arrangement be laminated, 

‘Tho apparntus, as will now be seen, cam- 
prises, as essential elements, choking-cails, a 
circuit - controller, means for rotating the 
same, acopdeuser,andatransformer. ‘These 

as elements nay be mechanically associated in 
ашу convenient and compact form, but so far 
вв their general arrangement and relati 
аго concerned I prefer the relative disposi 
tion illustrated, mainly because, by reason of 

so their symmetrical arrangement in. the cir- 
cuit, the liabinty of injury to thoinsulation of 
any of the devices is reduced toa minimum. 
1 до not mean to imply by the terms em- 
Доуед in describing my improvements that 
limit inyself to the nse of the precise de- 
vices commonly designated by such terms. | 


^as 


55 


568,176 


Forinstance, the choking-coil asa distinctive 
device may be wholly dispensed with, pro- 
vided the circuit in which it must otherwise 
be placed have а sufficiently high self-indue- бо 
tion produced in other ways. 50, too, the ne- 
cessity of a condenser, strictly speaking, is 
avoided wher the circuit itsolf possesses suf- 
ficient capacity to accomplish tho desired re- 
sult. 

Having now described my invention and 
the manner in which the samo ін or may be 
carried into practical effect, what I claim is— 

1. The apparatus herein described for con- 
verting direct currents into currents of high 
frequency, comprising in combination a cir- 
cuit of high self-induetion, a circuit-control- 
ler adapted to make and break such circuit, 
а condenser into which tho said circuit dis 
charges when interfupted, and a transformer 75 
through the primary of which tho condenser 
discharges as set forth. 

>. The combination of а sourco of direct 
current anda circuit therefrom, choking-coils 
То said circuit, means for making and break- 
ing the circuit through said coils, в condenser 
around the point of interruption in the said 
cirenit and a transforiner having its primary 
in circuit with the condenser as set forth. 

3. The combination with a circuit of high 85 
self-induction and means for making and 
breaking the same, of a condenser around tho 
point of interruption in the said circuit, and 
a transformer tho primary of which is in the 
condenser-circuit as described. 

4. The combination with а cireuit of direct 
current and having a bigh self-induction, of 
в circuit-controller for making and breaking 
said circuit, a motor for driving tho control- 
ler, а condenser in a circuit connected with 95 
the first around the point of interruption 
therein, and a transformer the primary of 
which is in circuit with the condenser as sot 
forth. 

5. The combination with a circuit of direct 100 
current, а controller for making and break- 
ing the same, в motor having its ficle-mag- 
nets in said circuit and driving the said con- 
troller, a condenser connected with tho cir- 
und the point of interruption therein 
aud a transformer the primary of which is in 
circuit with the condenser as set forth. 
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To all whom it mày concern. 

Be itknown that I, NIKOLA TESLA, acitizen 
of the United States, residing at New York, 
in the county and State of New York, have in- 
vented certain new and useful Improvements 
in Methods of and Apparatus for Producing 
Currents of High Frequency, of which the fol- 
lowing is a specification, referenco being had 
1o the drawings accompanying and forming 

rtf the same, 
The apparatus for producing electrical 
eurreuts of very high frequency in which 
js embodied Ше invention of my present 
Application involves as its chief element 
vans forthe periodie charging of a condenser 
ur eireuit possessing capacity by the energy 
of a given source and the discharge of the 
same through a circuit of low self-induction, 
whereby the rapid succession of impulses 
characteristic of a condenser discharge under 
such circumstances is mado available for 
many practical and useful purposes. 4 

"The general arrangement of eireuits and 
apparatus which I prefer for ordinary appli- 
eationgof this invention I have shown and de- 
scribed in an application filed Бу me April22, 
1896, Serial No. 283,51, as comprising a local 
circuit of high self-induetion connected with 
т. source of supply, a condenser, a већа, 
circuit of low seif-induetion, and a circuit- 
controller operating to alternately effect the 
charging of the condenser by the energy 
stored in the circuit of high self-induction 
and its disc through that of low self- 
induction. hown, however, in the 
application referred to as the source of sup- 
ply а continuous-eurront generator, or in 
general a source of direct currents, and while 
the principle of operation and the general 
character of the apparatus remain the same 
whether the current of the sourco be direct 
or alternating, yet the economical utilization 
of the latter involves certain special principles 
and appliances which it is my present object 
to illustrate as the basis for the claims of in- 
vention made herein 2 

When the potential of the source periodie- 
ally rises and falls, whether with reversals 
ог not is immaterial, it is essential to eco- 
пописа] operation that the intervals of inter- 
ruption of the charging-current should bear 
a definite sime relation to the period of the 


current, in order that the effective potential 
of the impulses charging the condenser may 
be as high as possible. 1 therefore provide, 
se an alternating or equivalent electro- 
motive force be employed as the source of 
supply, а circuit-controller which will inter 
rupt the charging-cireuit at instants prede- 
termined with reference to the variations of 
potential therein. ‘The most practicable, 
means for accomplishing this of which I an 
aware is to employ a synchronous motor con- 
nected with the source of supply and operat? 
ing a circuit-controller which interrupts the 
charging-curreut at. or about the 
h wave aud permits: 
zc the 
н its appropriate circuit, 
Apparatus, which шау be considered as typi- 
cal of the means employed for carrying out 
the invention, I have illustrated in tho ac- 
companying drawings. 

‘The figures are diagrammatic illustrations 
of the system in slightly-modified forms, and 
will be deseribed in detail in their order. 

Referring to Figure 1, A designates any 
source of alternating or equivalent. eurrent, 
from which lead off maius A^ А. At any 
point where it is desired to produce the high 

tsa branch eireuit Bis taken 
r to raise the 
isformer із em- 


composed of a metal disk F with insulated 
segments F' in its periphery and fixed to the 
shaft of the motor. An insUTatinz-arm G, 


Stationary with respect to the motor-sbatt 
and adjustable with reference to the poles of 
the fixed magnets, carries two brushes IL H, 
which bear upon the periphery of the disk. 
With the parts thus arranged the secondary 
circuit is completed through the coils of the 
motor whenever the two brushes rest роп 
the uninsulated segmenta of the disk and in- 
terrupted through the motor at other times. 
‘Such a motor, if properly constructed, in well- 
understood Ways, maintains very exact syn- 
chronism with tho alterations of tho source, 
and the arm G may therefore be adjasted to 
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interript the current at ad y determined point 
in its waves. It will be nnderstood that by 
tho proper relations of insulated and. con- 
ducting segments aud the motor-poles the 
current may be interrupted twice in each 
complete wave at or about the points of high- 
The self-iuduction of the čir- 
‘ing tho motor and controller 
should be bigh, and the motor itself will 
usually be constructed in such manner that 
no other self-inductiou device will be needed. 
‘The energy stored in this circuit is utilized 
At each break therein to charge a coudenser 
K. With this object the terminals of the 
15 eondeuser are connected to the two brushes 
11 H or to points of the circuit adjacent there 
to, зе that whea the circuit through the mo- 
tor is interrupted the terminals of the motor- 
circuit will be connected with the condenser, 
whereby the latter will receive the high-po- 
tential inductive discharge from the motor 
or sevundury circuit. 
р The condenser discharges into a circuit of 
low self-induetion, one terminal of which is 
25 eonnected directly to а condenser-terminal 
and the other to the brush 11 opposite to that 
connected with the other eoudeuser-terminal, 
во that the discbarge-cirenit of the condenser 
will be completed simultaneously with the 
wotor-cireuit and interrupted while the mo- 
tor-cirewit is broken aud the condenser boing 
charged 
The discharge-cireuit contains в primary 
M uf n few turns, and this induces in a sec- 
ondary N impulses of high potential, which 
by reason of their great freqnency are avail- 
able for the operation of vacuuni-tubes P. 
el and 
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single terminal 
useful purposes. 

It is obvioifs that the supply-curreut need 
not bo alternating, provided it be converted 
ог traasformed iato an alternating current 
before reaching thecontrolier. For example, 
the present improvements are applicable t 
various forms of rotary transformers, as is 
illustrated in Figs. 2 and 3 

Е designates n continnous-enrrent motor, 
here represented их having four field-poles 
, wound with coils E"in shunt tothe arn 
зе The line-wires В В connect with the 
ЪЪ, bearing on tho tisual commutator. 

‘On an extension of the motor-shafvisa cir- 
‘euit-controller composed of aeylinder thesur- 
face of which is divided into four condneti 
seginents с and four insulating-segments d, 
the former being diametrically eonneeted in 

irs, ns shown in Fig. 2. 

‘Through the shaft run two insulated con 
ductors ее from any two conunutator-sez- 
ments ninety degrees apart and theseconnect 
with the two pairs of sozmentec, respectively 
With such arrangement it is evident that an; 
two adjacent segments сс become the (егін 
nals of an altornating-current sonree, so that 
65 If twodrashes I! I beapplicd to the periphery 
2 of the cylinder thoy wiii take off current dur 
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ing such portion of the wave as the width of 
segment and position of the brushes may de- 
termine. By adjusting the position of the 
brushes relatirely to the cylinder, therefore, 
the alternating current delivered to the seg- 
ents с с may be interrupted at any point in 

its waves. 

While the brushes Н Н аге on the conduct- 
ipg-segmente the current which they collect 75 
stores energy іп а circuit of high self-induc- 
tion formed by the wires f f, self-inductiou 
coils S S, the conductors В B, the brushes, 
andcommutator. When tbiscireuitis intor- 
rupted by the brushes H H passing onto the in- 
sulating-segments of tho controller, the high- 
potential discharge of this circuit charges the 
Condensers К K, which then discharge through 
the cirenit of low self-induotion containing 
the primary M. ‘The secondary circuit N con- 
tains any devices, as PR, for utilizing the сиг. 
rent, 

Tho mechanical construction of the circuit- 
controller mas be greatly ‘varied, and in other 
respects the details shown and described нге 
merely given as typical illustrations of the 
ure and purpose of the invention. 

What I сјаћа is— 

The method herein described of produc- 
‘electric currente of high frequency, wirich 
consists in generating an alternating current, 
©һагдїшр a condenser thereby during doter- 
minato intervals of each waveof said current, 
and discharging the condenser through a ci 
cuit of low self-induction, as horein set forth. 

The combination with a source of altei- 

nating curreut, a condenser, acireuit-contral- 
ler adapted to direct the current during de. 
torininate intervals of each wave into the con- 
denser for charging the same, and a circuit of 
low solf-induetion into which the condenser 
discharges, аз set forth. 
3. Тһе combination with a source of alter- 
nating current,a synchronous motoroperated 
thereby, а circuit-controller operated by the 
motor and adapted to interrupt ‘the circuit. 
through the motor at determinate points in 
euch wave, а condenser connected with tho 
motor-eireuit aud adapted on the iptorruption. 
of thesame to receive tho energy stored thero- 
in, and s circuit into which the condenser di 
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nating current, a charging-elreuit ia which 
the energy of said current is stored, a circuit- 
coutroller adapted to interrupt the charging- 
circuit at determinate points in each wave, a 
condenser for receiving, on the interruption 


20 


үсіген, the energy accumu: 
lated therein, and a cireuit into which the con- 
denser discharges when connected therewith 
by the eircuit-eontroller, as set forth. 
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Applica 


Т» all whom it may concern 

Ме it known that I, NIKOLA ТЕ 
теп of the United States, resi 
York, in to county and State of New York, 
havo iuvented certain new and useful Im- 
provementsin Аррағашя for Producing Elec- 
trical Currents of High Frequency, of which 
tho following is a specification, reference be- 
ing had tò tho drawings accompanying and 
forming а part of the same. 

‘This invention is an improvement in ap- 

ratus for producing electrical currents of 

high frequency in accordanco with the gen: 
eral plan heretofore invented and praet 
by mo and based upon the principle of charg. 
ing condenser or circuit possessing capacity 
and discharging the sume through a circuit 
of low self-induction, во that rapid electrical 
oscillations are obtained. То securo this re- 
sult, I ошріоу some means for intermittently 
charging the condenser and for dischargiug 
it through tho circuit of low self-induction; 
and among tho moans which I have horeto- 
fore employed for thin purpose was a mie- 
ап contact devico which controlled both 
the charging and tho discharge-cireuit in 
suci manner that the condensor was alter- 
nately charged bv the former and discharged 
into the latter. 

My present improvement consists in an ap- 
paratus for effecting the same result by tho 
use of acireuit-controller of special character 
in which the continuity of the paths for the 
currentis established at intervals by the pas- 
sage of sparks across a diclectric. 

Tn carrying out my present improvement 
employ a cireuit-controller containing two 
terminals or sets of terminals movable with 
respect to cach other into and out of prox: 
imity, aud I provide means whereby tho in 
tervals between the periods of closo approx: 
mation, during which the spark passes, шау 

justed so that when used in à system 
supplied by a source of alternating с 
the periods of make and break may be timed 
with referonec to а phaseof the current wave 
or impulse. 

Referring to the drawings, which illustrate 
in its prefeazed form the improvement above 
referred to, Figure 1 is a view, partly in ele- 
vation and partly in section, of a generator 
arranged io givean altornating current with 
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the circuit-controller mounted on its shaft. 
Fig. 2 is a section of the controller of Fig. 1 
en line 2: of said figure. - Fig. 3isa diagram 55 
illustrating the system or apparatus as a 
whole. Figs. 4 aud 5 are sectional views of 
а modified form of circuit-controller. 
1 а generator having 
a commutator A’ and brushes A" bearing бо 
thereon, and also collecting-rings В B, from 
which an alternating current is taken Љу 
brushes Б in the well-understood manne: 
‘The eireuit-controller із mounted in part 
оп an extension of the shaft C of the goner- 65 
ator, and in part on the frame of the same, 
or on a stationary sleeve surrounding the 
shaft. Its construction in detail isas follows: 
D isa metal plate with a central hub D' which. 
is keyed or clamped to theshaft С. ‘The plato е 
is formed with segmental extensions corre- 
sponding in umber to the waves of cur- 
rent which Шо generator delivers. "fhoso 
ments are preferably cut away, leaving 
only rims or frames, to one of tho radial sides 75 
of which are secured bent motal plates E, 
which serve as vanes to maintain a circula- 
tion of air when the devico is in operation. 
‘The segmental disk and vanes ave contained 
within a close insulated box or case F, mount- во 
ой on tho bearing of the generator, ог in any 
other proper way, but во as to be capable of 
angular adjustment around the shaft. "Jo 
eilitate such adjustment, а serew-rod Е’, 
provided with A knob or handle, is shown as 85 
passing through the wall of the box, Tho 
tter may be adjusted by this rod, and when 
in proper position may be bell therein by. 
scrowing the 10d down into a depression i 
tho sleeveor bearing, asshown in Ёїд.1. Ait- go 
passages С G are provided at opposite ends 
of the bos, through which air is maintained 
in eireulation by the action of the vanes. 
‘hrongh the sides of tho box Е and through 
insulating-gaskets И, when the material of 95 
the box ix not a sufficiently good insulator, 
extend metallic terminal plugs К К, with 
their ends in the plane of the conducting 
sezmontal disk D and adjustable radially to- 
ата and from the edges of the segments. 
‘This or similar devices are cmployed to ea 
out the invention abovo referred to in Ше 
annor illustrated in Vig. 3. > А in this figure 
represents any sourco of alternating current 
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the potential of which is raised by a trans- 
former, of which а is the primary and b the 
secondary. ‘The ends of the secondary cir. 
cuit S aro connected to the terminal plugs К 
Х of an apparatus similar to that of Figs. 1 
and 2 and having segments rotating in syn- 
chronism with the alternations of the current 
source, preferably, as above described, by 
being mounted on the shaft of the generator 
when the conditions so permit. ‘The plogs 
X K are then adjusted radially, so as to ap- 
proach more or less the path of the outer 
‘edges of the segmental disk, and so that dur- 
ing the passage of each segment in front of 
& plug a spark will pass between them, which 
completes the secondary circuit S. "Ihe box 
or the support for the plugs К is adjusted an- 
ularly, so ns to bring the plage and segments 
into proximity at the desired instants with 
reference to any phase of the current-wave 
in the secondary circuit and fixed in posi- 
tion in any proper manner. To the plugs 
K К are also connected the terminals of a con- 
denser оғ condensers L, so that at the instant 


of the rupture of the secondary circuit 8 by | 


the cessation of the sparks the energy асса. 
mulated in such cireuit will rush into and 
charge the condenser. A path of low self- 
induction and resistance, including primary 
M ot a few turns, is provided 10 receive the 
discharge of the condenser, when the circuit 
Sis again comploteid by the passage of sparks, 
the discharge being manifested as а succes- 
sion of extremely rapid impulses. The po- 
teutial of these impulses may be raised by а 
secondary Т, which constitutes the source of 
current for the working circuit or that con- 
taining thodovices R for utilizing the current. 

By means of this apparatus effects of a 
noveland useful characterare obtainable, but 
to still farther increaso. the efficiency of tho 
discharge or working current I have in some 
instanecs provided a means for further break- 
ing up tho individual sparks themselves. А 
device for this purposo is shown in Figs. 4 
and 5. The box or сазе F in these figures is 
fixedly secured to Ше (гато or bearing of tne 
generator or motor which rotates tho circuit- 
controller in synchronism with the alternat- 
ingsource. Withiu said box is s disk D, fixed 
to the shaft C, with projections 7 extending 
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from its edgo parallel witb tho axis of the 
shaft. A similar disk D” on a spindle d, іп 
face of the first, is mounted in а bearing іш 
the end of the box F with a capability of ro- 
tary adjustment. The ends of tho projec- 
tions d' are deeply serrated or several pins or 
narrow projections placed side by side, as 
shown in Fig. 4, so that as those of the oppo- 
site disks pass each other а rapid succession 
of sparks will pass from the projections of one 
disk to those of the other. 

What I сайа as my invention is— 

1. The combination with a source of cur- 
rent, of а condenser adapted to be charged 6; 
thereby, a circuit into which the condenser 
discharges in в series of rapid impulses, and 
а circuit-controller for effecting the charging 
and discharge of said condenser, composed of 
conductors movable into and out of proximity 
with each other, whereby a spark may be 
maintained between them and the circuit 
closed thereby during determined intervals, 
аз set forth. 

2. The combination with a soureo of alter- 
nating current, of a condenser adapted to be 
charged thereby, a circuit into which tho con- 
denser discharges in a series of rapid im- 
pulscs;and a circuit-controller for etfocting. 
the charging and discharge of said condenser, 
composed of conductors movable into and out 
of proximity with each other in synchronism 
with the alternations of thesource,usset forth. 

3. А cireuit-controller for systems of the 
kind described, comprising in combination в 
pair of angularly-adjustablo terminals and 
two or more rotating conductors mounted to 
pass in proximity to the said terminals, as 
set forth. ка 

4. А circuit-controller for systems of tho 
kind described, comprising in co-.bination 
two sets of conductors, one cap.«ole of rota- 
tion and tho other of angular adjustment 
whereby they may be brought into and out of 
proximity tocach other,at determinate pointa, 
‘and one or both being subdivided so as to pre- 
senta group of conducting-points,asset forth. 
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To all whom it may concern: 
Bo it known that I, NIKOLA TESLA, а citi- 
zon of the United States, residing at New 


York, in tho county and State of New York, | 


have invented certain now and useful Im- 
provementsin Apparatus for Producing Elec- 
trie Currents of High Frequency, of which 
tho fotlowing is a specification, reference be- 
ing had to the drawings accompanying and 
forming a part of the same. 

‘The apparatus for converting electric cur- 
rents of ordinary character into those of high 
frequency, which I have heretofore shown 
and doscribed in applications for Letters 
Patent, has usually comprised a condenser 
and а circuit-controller operated by а suit- 
able motive device and acting to alternately 
chang: the condenser from a suitable source 
of supply and discharge it through a circuit 
of such charactor as to render the discharge 
cne of very high frequency. For many 
purposes it has been found advantageous 
to construct Шо cireuit-controllor with in- 
culating and conducting segments of equal 
length, ээ that. the condenser is connected 
with its dischargo-cirenit during one-half of 
the timo only. t follows from this that tho 
working cireuit, or that in which the high- 
frequency currents are developed in form for 
tical application, receives such currents 
during only one-half. the time. 

For сөгіліп purposes it ir desirable for 
economical operation that there should be no 
cessation of the flow of such currents, and my 
present improvements have boen devised with 
the object of increasing the output of a given 
Apparatus by providing means by which, 
without material additions to or compli 
of such apparatus, high-frequency currents 
may be produced thereby. continuously or 
vithout periods of rest. 

Broadly stated, the improvement. consists 
іп the combination of two condensers with a 
cirenit-controller of such character and so 
operated by a single motivo device as to 
chargo and discharge said coudensers alter- 
nately, whereby one will be discharging while 
the other is being charged, and conversely.“ 

In tho drawings hereto annexed, Figuro 1 
is adingrammatic illustration of the arrange- 
mont and circuit connections of tho invon- 
tion, Fig. 2 isa sectional view of.a part of 


the commutator employed; and Fig. 3 is a 
diagram similar to that of Fig. 1, illustrativo 
of a modified embodiment of the inyention, 

Tet А B designato the two conductors of 
any circuit from which the cnergy is derived 
that is to beconvertcd into a current of high 
frequency. 

Cis a circuit controller or commutator, a 
portion only for convenicneo being shown in 
ihe figures. It is designed to bo rotated by 
any suitable motivo device, of which, how- 
‘ever, the shaft D only is shown, and Из plan 
of construction is as follows: 

‘Tho letters с с’ designato two metat heads 
or castings with projecting portions d d', 
which, when the two heads aro brought. to: 
gethor and secured to a hub or shaft, inter- 
Tosh, as shown in the drawin 

Tho eur between two adjacent projec- 
tions or bars d d'aro equal in are to the widtht 
of oneof said barsand nre filled in with blocks 
e, preferably of metal, insulated from Шо other 
condneting portions of the devien. By tho 
interposition of mica or other suitablo insu- 
lating material the two heads or castings с.с” 
areinsolated from each other. Upon the po- 
riphory of this commutator bear threo brushes 
G'G’ И, tho two former resting upon the con- 
tinuous metallic portions of the two heads, re- 
spectively, the latter being in position to bear 
upon the projections d d' and blocks e alte: 
nately. 

1а ordor that tho brushes may bo сарай» 5 
of carrying any current which tho operation 
of the apparatus тау domand, they aro made 
of large cross-section, the brush И being ap 
proximately equal in width to ono of tho pro 
jections or segments d 47, or to the spaep bi 
tween adjacent segments, so that in passivg 
from one it comes into contact with the nt 

"ho brush H is connected to the main 0 
through a primary coil К of low solf-iudue- 
tion in inductivo relation to а secondary Ta, 
which constitutes the ultimate source of tho 
current of high frequency which tlie appar: 
tus is designed to develop and which feeds a 
circuit containing vacunm-tubes M, singlo 
terminal lamps M^, or other suitable devices. 
Tho brushes G G' аго connected with the main. 
B through condensers N N’, respectively, and 
tothe main-A through self-inductiou or chok- 
ig coils О O’, these latter being nsed in ores 
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{зат the inductive discharge of tho accumu- 
lated cnergy therein may be taken advantage 

of in charging the condensers. 
Tho operation of the apparatus thus de- 
5 scribed is as follows: Ву the rofation of the 
comiutater C the brush H is caused to pass 
over the projections d, closing tho cireuits 
through the primary К and the two condens- 
ersalternately. -These two cireuitsare soad- 
10 justed as to have the same capacity, self-in- 
duction, and resistance. - When said brush is 
іп electrical connection with any projection 
a from tho part с, the circuit із closed be- 
tween mains A and B through coil O', brush 
їз G brush Hand сой K, Energy i thore- 
foro accumulated in the сой 0'. At the same 
time the condenser N' is short-circuited 
through the brush G', brush И, aud сой К, 
and discharges through this circuit the en- 
orgy stored in it, the discharge being in the 
form of a series of impulses which induce 
in tho secondary Г. corresponding impulses 
of high potential. When brush H breaks tho 
circuit through coil O’, the high-potential dis- 
chargo or "kick " from the latter rushes into 
and recharges the condenser N’, but as soon 
as tho brush И has passed over the interven- 
ing block e and reached the next sogment d 
it closes the circuit through сой O aud short- 
circuits the condenser №, so that high-fro- 
quency currents from citlier ono or the other 
of the two ¢ondensers are flowing through the 
primary K practioally without interruption, 
Thus without increasing the size or power of 
the motive device or complicating іп any ma- 
torial degree the commutator these devices are 
mado to perform doublo du! y and the output 
of the apparatusasa whole greatly increased; 
Та Fig. 3 I have illustrated a modified form of 
commutator for this apparatus, which com- 
prises a disk E, of metal, but insulated from 

haft. ‘The periphory of this disk is 

lino conducting and insulatod segments 
by the insertion therein of insulated metal 
blocks /. The cireumforential width of these 
blocks is three Limes that of the conducting- 
segmentsf' А brush F bears upon a con- 
tinuous metallic portion of tho disk or upon a 
continuous ring in eleetrical connection witk 
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зо the segments /” and is connected with one ter- | 


minal of the primary К. Brushes F' F” bear 
upon the periphery of the disk E and are con- 
nccted to the main В tbrough tho two con- 
densors, respectively. These brushes aro ca- 
pableofangularndjustment, sothat they may 55 

set to bear upon the disk at any two de- 
sired points. 

From the explanation of tho operatiog al- 
ready given it is evident that when the two 
brushes F' F"areset so that one Јеауов a seg- 
ment f" at tho instant that the other comes 
in contact with a segment f" tho effect in 
charging and discharging the condensers is 
the same аз in tho previous instance. Tho 
capability of varying the relations of tho 
brushes, howover, which this form possesses 
has the advantage of permitting not only an 
alternate charging aud discharge of the con- 
densers, but their simultancous charging and 
discharge in multiple are, whereby tho fre- 
quency of tbo current of discharge i$ reduced. 

Tt is also evident that all phase differences 
in the charging and discharging of tho con- 
deasers may in like munner bo secured and 
the frequency varied within wide limits. Of 75 
course the samo motor and cireuit-controller 
might be made to charge moro than two con- 
densers in succession and to discharge them 
їп the same orde 

What I claim is— 

1. The combination with a sourco of olec- 
tric energy, of в plurality of condensers and 
a discharge-circuit therefor, a motive devico 
and acircuit-controller operated thereby aud 
adapted to direct tho energy of the sourco 85 
into the condensers and connect them with 
tho discharge-cireuit successively and in al- 
ternation, as set forth. 

2. The combination with а sourco of elec- 
trie energy, of a motive device, two condens- 
ers, acireuit-controller adapted to direct tho 
energy of tho sourco alternately into tho said 
condensers, and a dischargo-circuit through 
which, by the operation of said eircuit-con- 
troller one condenser discharges while the 95 
other is being charged, as set foi 
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To all ah 


а it там concern 

Be it known that I, NIKOLA TESLA, a citi- 
zen of tho United States,residingat New York, 
in the county and State of New York, have in- 
vented cortain new and useful Improvements 
in Apparatus for Producing Currents of High 
Frequency, of which tho following is speci- 
cation, reference being had to the drawings 
accompanying and forming a part of the 
same. 

"The invention upon which my present ap- 
plication is based is an improvement in арра- 
ratus for tho conversion of electrical curreuts 
of ordinary charaeter—such, for instance, as 
aro obtainable from the mains of municipal 
electríc light and power systems, and either 
continuous or alternatig—into currents of 
very high frequency and potential. 

"The improvement is applicable generally to 
apparatus of the kind heretofore invented by 
mio and more particularly described in United 
States Letters Patent granted to me on бер- 
tember 22, 1896, No. 568,176; bnt in the de- 
seription of the invention which follows the 
illustration is confined toa form of apparatus 
designed for converting a continuous or di- 
төсі current into one of bigh frequency. Ш 
the soveral forms of apparatus for this pur- 
poso which I have devised and heretofore 4е- 
scribed I haveemployed a circuit of high self- 
induction connected with the mains from a 
suitable sourco of current and containing 
some form of cirenit-controller for periodie- 
ally interrupting it. Around the break or 
point of interruption I havo arranged a con- 
denser, into which the circuit discharges when 

nterrupted, and this condenser is in turn 
ade to discharge through a circuit contaiu- 
ing the primary of a transformer, and of such 
character that the condenser-tischargo will 
be in tho form of an extremely rapid succes- 
sion of impulsos. 

Now in order to securo in an apparatus of 
this kind as high frequency as possible and 
the advantages resulting therefrom I subdi- 
vido the condenser necessary for sioring the 
energy required into integral parts or provide 
independent condensers, and employ means 
for charging said condensers in multiple and 
discharging them in series through tho. pri 
mary of the transformer. To secure this re 
sult without unduly complicating the appa- 
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ratus is a matter of. very considerable 
culty, but 1 have accomplished it by means 
of the apparatus which Lsball now proceed 
to describe by referenco to the drawings. 

Figuro 1 is a side clevation of the appar- 
tus which I employ, and Fig. 2 is a diagram. 
of the cirevit‘conncctions. 

Referring to Fig. 1, A is a box or pase con- 
taining the condensers, of which the tormi- 
nals аге а a b b, respectively. On this caso 
is mounted a small electromagnetic motor B, 
by the shaft of which is operated the circuit. 
controller C. Upon the said controller bear 
brushes, as shown at D D' D" р". 

F F aro solf-faduction coils placod beside 
the motor. Above these is the transformer, 
composed, essentially, of a primary С and a 
secondary И. ‘These devices are intended to. 
be inclosed in a suitable box or case, and may 
be very greatly modified in constraction and 
rolativearrangement. Thecircuit-controller, 
however, should couform in general princi- 
ple of construction to that hereinafter de- 
scribed in so far as may be necessary to se- 
euro the operation pointed out. 

Referring now to Fig. 2, L L designate the 
mains from a suitable sourco of supply, be- 
tween which a circuit is formed, ineluding 
tho self-induetion coils F F and the circuit. 
controller C. А switch d may be employed 
to bring either or both of the coils F F into 
this circuit, as may be desired. 

The cirevit-controller is built up of iosu- 
lated platesor segments, upon which the 
tive and negative brushes bear, and the 
plates may be considered as belonging to threo 
sets or classes, first, the plates m for what 
may be considered аз the positivo brushes 
D D'in one row, electrically. connected to- 

4 ding plates n {ог 
what may similarly:be considered as tho neg- 
ative brushes E E in the other row; second, 
the plates o, which Не ја both rows, and henco 
aro conveni made in singlo pieces cx- 
tending across the controller, and, third, the 
idle or spacing plates p, which are interposed 
іш each row between the other twosets. The 
angle between adjacent plates of the samo 
set is equal to tho anglo of displacement bo- 
tween adjacent brushes of tho same sign, and 
obviously there may be two or more of each. 
"The brush D of one set is connected with onc 


55 


бо 


6 


7 


15 


во 


85 


9o 


95 


109 


Р-250 


2 "583,053 


main throngh the coils F, aud each one of tno 
brushes of the same set is connected to one 
of the terminals of the condensers M N, re- 
specüvely. Similarly the brush Eof the other 
5 set of brushes is connected to the opposite 
main and cach of the brushes of said set to 
the op] ite coudenser terminals through the 
primary.or strands of a primary G. In tho 
злата, Fig. 2, I have shown but two brushes 
1o in each set and two condensers, but more 
than this number may be used, the same plan 
of connectionssbown and described being fol- 
lowed out. 
In the position of the parts shown in Fig. 
15 2, іп which two positivo and two negative. 
brushes are shown, tlie brushes are bearing 
on platesmmandnn. Consequently the cir- 
cuit through the coils F F is through the con- 
densers іп multiple, and, assuming that en- 
зо ergy has been stored in said coils, the con- 
densers will thus be charged. If now by the 
movement of the controller plates or brushes 
the latter are shifted across the idle or spac- 
Тор plates p onto the long о? cross-connected 
25 plates о two results follow: Tbe mains aro 
short-circuited through the coils F F, which 
therefore store energy, while the condensers 
are connected in series through the primary 
сой or coils б. These actions are repeated 
"зо by the further movement of tho controller, 
thecondensers being charged iù parallel when 
the brushes are on plates m n and discharged 
in series when tho brushes pass onto plates о. 
The motor may be run by au independent 
35 source or by current derived from the maios, 
and tho apparatus may be employed to sup- 
ply current for any suitable devices S T, сов. 
nected with the secondary coil II. 
As stated above, the specific constrnetion 
40 of the circuit-controller may be very greatly 
varied without departure from the invention, 
In the drawings the plates are assumed to be 
associated in the form of а cylinder which 
revolves with respect to brushes bearing on 
45 its periphery; but it will be understood that. 
this is merely a typical illustration of any 
form of terminals or contacts and conduc- 
tors, whether rotary or reciprocating, which 
constitute a cireuit-controller capable of ef- 
so fecting the same result. 


Tho advantages resulting from the subdi- 
vision of the condenser or tho employment of 
а plurality of condensers are mainly that а 
high frequency is obtainable in apparatus of 
any size; thatthe cunentof discharge through 
the sliding contacts is greatly reduced and 
injury to such contacts thereby avoided and 
а great saving in wire in the secondary ef- 
fected. 

What I claim is— 

1. In au apparatus of the kind described, 
the combination with a set of contacts, ono 
of which is adapted for connection with ono 
of the mains from a source of current, and 
each of which is connected to one of tho ter- 
mivals of a series of condensers, and a scc- 
ond set of contacts similarly connected to the 
opposite main and condenser terminals, re- 
spectively, of clectrically-eonnected plates or 
segments upon which the contacts of the first. 
set bear, similarly-connected plates upon 
which the contacts of tho second set bear, 
and isolated plates common to the two sets 
of contacts, the said plates being arranged in 
the manner described, whereby the condens- 
ers will be alternately charged in multiple 
and discharged in series, as set forth. 

2. In an apparatus of tho kind described, 
the combination with aset of positive brushes, 
one of which is adapted for conection with 
one of the mains from a source of current, 
and cach of which is connected to ono of tho 
terminals of a serics of condensers, and nega- 
tive brushes similarly connected to the oppo- 
site main and condenser terminals, respoc- 
tively, of acylinder composed of electrically- 
connected segments upon which tho positive 
brushes only bear, similarly-corinected seg- 
ments upon which the negative brushes оп! 
bear, and isolated plates upon which both 
sets of brushes ancously bear, the said 
plates being arranged in the manner de- 
scribed, whereby the condensers will be alter- 
nately charged in multiple and disebarged іп 
series, as set forth 
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To all whom. it may concern: 

Bo it known that I, NIKOLA TESLA, a 

zen of tho United States, residing at N 

York, in the county and State of New York, 
5 have invented certain new aad useful Im 

provements in Electrical ‘Transformers, of 
which tho following is a specification, refer- 
once being had to tho drawings accompany- 
ing and forming a part of the same. 

‘Tho present application is based upon ап 
apparatus which } have devised and employed 
for the purpose of developing electrical cur- 
rents of high potential, which transformers 
or inductiou-coils constructed on tho princi- 
ples horetofore followed in the manufacture 
of such instruments are wholly incapablo of 
producing or practically utilizing, at least 
withoutsorious liability of the destruction of 
the apparatus itself and danger to persons 
approaching or handling it 

‘Tho improvement involves a novel form of 
transformer or induetion-coil and a systein 
for the transmission of electrical energy by 
means of the same in which the energy ct the 
вопгсе is raised to a much higher potential 
for transmission over the line than has ever 
been practically employed heretofore, and the 
apparatus is constructed with reference to the 
production of such a potential and so as to 
bo not only freo from the danger of injury 
from tho destruction of insulation, but safe. 
to handle. To this end I construetan indue- 
tion-coil or transformer in which the primary 
and secondary coils are, wound or arranged 
in such manner that the convolutions of «he 
conductorof thelatter will be farther removed 
from the primary as the liability of injury 
from tho effects of potential increases, thi 
terminal or point of highest. potential bein 
the most remote, and so that between adj 
cent convolutions there shall be the least pos- 
siblo difference of potential. 

‘The type of coil in which the last-named 
features are present isthe flat spiral, and this. 
form I generally employ, winding the primary 
on tho outside of the see-ndary and taking 
off the current from the latter at the center 
orinnor ond of thospiral. І тау depart from 
or vary this form, however, in the particulars. 
59 hereinafter specified. 
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Та constructing my improved transformers | hi 
my imp 


1 отріоу а length of socondary-which is ap- 


proximately one-quarter of the wave longth 
of the electrical disturbance in the circuit | 
eluding the secondary coil, based on the ve- 55 
locity of propagation of electrical disturb- 
ances through such circuit, or, in general, of 
such length that the potential at the terminal 
of the secondary which is tho more remoto 


from the primary shall be at its maximum, бо 
In using these coils I connect one end of tho 
secondary, or that in proximity to the pi 
mary,toearth, and in order to moreeffectually 
provide against injury to persons or to the 
Арага [also conneet it with tho primary. 65 

а the accompanying drawings, Figure lisa 
diagram illustrating tho plan of winding and 
connection which I employ in constructing 
ту iinproved coils and the manner of using 
them for tho transmission of energy over long 79 
distances. Fig. 2 is aside elevation, and 
3 а side elevation and part section, of modi- 
fied forms of induction-coil mado in accord- 
ance with my iuvention. 

А designates a core, which may be magnetic 75 


whon so desired. 
B is the secondary coil, wound upon said 
core in generally spiral forn 
C is the primary, which 


in proximity tothe secondary... One term 
of the latter will be at the center of the spiral 
coil, and from this the current is taken to 
line or for other purposes. ‘The other termi- 
nal of the secondary is connected to carth 
and preferably also to the primary. 85 


When two coils are used in a transinissi 
system in which tho currents are raised to a 
rh potentialand then reconverted toa lower. 
potential, tho receiving-transformer will be 
constructed and connected in the same mau 

neras tho first—that is to say; the inner or cen- 
ter end of what corresponds to tho secondary 
of the first will bé connected to line and tlie 
other end to carth and to the local circuit or 
that which corresponds to the primary of the 
first. In such case also the line-wire sliould 
be supported in such manner as to avoid loss 
by tho current jumping from lino to objects 
in its vicinity and in contact with carth—as, 
for example, by means of long insulators, 
mounted, preferably, on metal poles, so that 
in caso of leakage from the line it will pass 
mlessly to earth. In Fig. 1, wherd such 
a system is illustrated, a dynamo С is con- 
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veniently represented as supplying the pri- 
шағу of tho-sending of “step-up” trans- 
former, and lamps If and motors K are shown 
as connected with the corresponding cireuit. 
of the receiving ог '* step-down” transformer. 

Instead of winding the coils in the form of 
а flat spiral the secondary may be wound on 
а suppor: in the shape of a frustum of а cone 
and the primary wound around its base, as 
shown in Fig. 2. 

In practice for apparatus designed for or- 
dinary usage the coil is preferably constructed 
on the plan illustrated in Fig. 3. In this fig- 
ure L Lare spools of insulating material upon 
which the secondary is wound—in the preseat 
case, however, in two sections, so as to con- 
stitute really two secondaries. ‘The primary 
C is n spirally-wound flat strip surrounding 
both secondaries B. 

The inner terminals of the secondaries are 
Jed out through tubes of insulating material 
M, while the other or outside terminals are 
connected with the primary. 

Tho length of the secondary coil № or of 
each secondary coil when two aroused, as in 
Fig. 3, is, as before stated, approtimately one- 

uarter of the wave length of the electrical 
disturbance in the secondary circuit, based 
оп tho velocity of propagation of tho alec- 
trical disturbance through the coil itself and 
the circuit with which it is designed Lo be 
usod—that is to say, if the rato at which a 
current traverses the circuit, including the 
coil, be one hundred and eighty-five thousa 
miles por second, then a frequency of nino 
hundred and twenty-five per second would 
maintain nine hundred aud twenty-five sta- 
tionary woves in a circuit one hundred and 
cighty-five thousand miles long, and each 
wave length would be two hundred miles in 
eneth. Porsuch a frequency Lshould usoa 
^fty miles in length, so that atone 
term'^Al the potential would bo zero and at 
the other maximum. 

Coilsof thecharactor herein doseribed havo 
several important advantages. As tho po- 
tential increases with the number of turns 
the difference of potential between adjacent 

E ағануеіу sinall, and hence a vory 
igh potential, impracticable with ordinary 
coils, may be successfully maintained 


As tho secondary is electrically connected 
with the primary the latter will be at sub- 
stantially the same potential as the adjacent 
postions of thé secondary, во that there will 

no tendency for sparks to jump from опе 
to the other and destroy tho insulation. 
Moreover, as both primary and secondary aro 
grounded and the line-terminal of the coil 
carried and protected to a point remote from 
the apparatus the danger of a discharge 
through the body of a person handling orap- 
proaching theapparatus is reduced to а mini- 
mum. 

lam aware that an indu. 
form of a flat spiral is not 
this I do not claim; but 

What I claim as my invention is— 

1. A transformer for dev орі reonvert- 
ing currents of high potential, comprising а 
ргішағу and secondary сой, one term 
the secondary being electrically conn 
with the primary; and with carth when the 
transformer is in use, as set forth. 

8. A transformer fordevelopingorconvert- 
ing currents of high potential, comprising 

rimary and secondary wound in the form of 
а flat spiral, the end of the secondary adja- 
cent to the primary being electrically con- 
nected therewith and with earth when the 
transformer is in use, as set forth, 

3. Atransformer for developing orconvort- 
ing currents of high potential comprising п 
primary and secondary wound in the form of 
в spiral, the secondary being inside of, and 
sorronnded by, the convolutions of the pri: 
mary and havi its adjacent terminal elec- 
trieally connected therewith and with earth 
when the transformer is in use, as set forth. 

4. Inasyatem for the conversion and tran: 
mission of electrical energy, the combination 
of two transformers, one for raising, thoothe 
for lowering, the potential of the eu у 
tho said transformers having one terminal of. 
the longer or fine-' coils eonnceted to lino, 
aud the other terminals adjacent to tho 
shorter coils electrically connected therewith 
and to the earth, as set forth. 

NIKOLA TESLA. 


п-сой in the 
n itself new, and 


itnesses: 
M. Lawson Буги 
G. W, Mauri 
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Т» alt whom it may concer 

Voit known that I, NIKOLA TRStA, n eitiz 
of the United States, residing at New York, in | 
the county and State of New York, have in- 
vented certain new and useful Impro 
in Electrie-Cireuit Controllers, of whieh the 
following is a specification, reference being 
had to the drawings accompanying and form- 
ing à part of the same. 

Ји. previous patents gı 
shown and described methods and appara 
for the conversion and utilization of electrical 
gh frequeney based upon 
ging а condenser ora cir- 
i capacity 
we generally through the primary of a trans- 
former, the secondary of which constituted. 
the source of working current and under such 
conditions as to yield a vibrati i 


m 


In some of the forms of apparatus which 1 
е heretofore devised forcarrying out this 
invention I ha ayes а mechanism for 
making and breaking an electrie eireuit or 
branch thereof for the purpose of charging 
and discharging the cond 
ent applic: 
improved forn 
Which may beg 
тийет. 
Tn orter that the full advantages of my sys- 
ће realized and the best practical’ 
resülts ‘secured, tho said cirenit- controller 
shod be capable of fulfil 
portant among which is 
ability of effecting 
interruption and completion of the 


as 


go 


y 

ircuit. 
It isalso of importance that such makes and 
breaks,and more especially the former,should 


be positive and d from considera- 
tions of economy and. practicability it is es- 
sentia} tiat Ше apparatus should be cheaply. 
constructed, not liable to derangement, and 
capable of prolonged u: опе attention 
or adjustment, With the object of attain- 
ing these resulte, which have never reretofore 
been fully attained in any form of mechan- 
Тел] cireuit-controller of which 1 am aware, 1 
devised and developed the circuit-controller 
which forms the subject of my present appli- 
cation and which may in geucral terms be de- 
scribed as follows: 


de 


45 


5° 


Serial No. 683.525. (Mo motel 
‘The device in its typical embodiment com- 
prises as essential elements tivo terminals— 
опе with peripheral contacts alternating with 55 
insulating-spaces, such as is exemplified in a 
stelliform disk and which is capablo of rota- 
tion, and the other a rotatable receptacle con- 
taining a fuid in which more or less of Ше 
o 


of the appa- 
ith a conduct- 
the former 


nals in such relations that the electrical con- 65 
nection between them is made and broken 
by the successive immersion of the conti 
points into and their withdrawal from the 
conducting through the non-condneting fluid. 
ined by such 79 
construction of the receptacle that the 
Aribution of the Ехо fluids necessary for the 
Proper operation of the device may be pre- 
Served by ceni m the rotation 
of the other te Те у the mov 
ment of the fluid or fluids Sly thereto. 
"To secure the conditions necessary for the 
iment of the objects of the inven- 
ious mechanical expedients may be 
resorted to; but the bestand most practicable 8o 
device for the purpose of which 1 am aware 
is a hollow wheel or drum mounted so as [0 
фе rotated at any desired speed and conta 
ing a conducting fluid, such as mercury 
с, which by the rotation of the 86 
wn у centrifugal foreeoutward 
tu the inner periphery of the same, and a 
ty ofa lighter non-conducting, 
active fluid, sich as water or, 
action is main- e. 
heavier cons 
1 the сене 
the contact-points діні; 


5 


rence of ares betwee 
the condueting fluid. 
А central opening is forme in one side of 95 


Conduct 
breaks of the circuit. 

‘The motion of the fluid within the drum: 
causes the disk to rotate and its projections 
or vanesto make and break the circuit with 
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arapidity which may be very great. In fact, 
when the drum is rotated at a high rate of 
sperd the fluid conductor may become in its 
effert similar toa solid body, upon which the 
condueting-disk rolls, so that the conducting 

fluid might. be dispensed with, although 

find it preferable to use 

In order to insure the proper immersion of 
the prpjectibns into tha fluid to compensate 
for wenrand at the same time to secure а 
yielding pressure between the fluid and the 
disk, it is desirable to ешріоу, (ог the disk 
some form of spring connection or support 
which will exert a force tending to force it in 
contaet with the fuid 

T have also devised certain details of con- 
struction which add to the efficiency and prac- 

ibility of the apparatus which will be more 
У ly lescribed by reference to the ac- 
companying drawings. 

Figure 1 is а side elevation of a complete 
apparatus for producing currents of high fre- 
queney abd to which my present invention 
isupplied. Vig. 2 isa central vertical section 
of tho improved eircuit-controller of Fig. 1; 
Fig. 3, an ond view of the samo; Fig. 4, a 
modified form of the cirenit-controiler, sbon 
ing it in connection with the remaining parts 
of the apparatus illustrated diagrammatie- 
ally; and Fig. 5, a side view of tho same with 
the receptacle in section. 

Аз the apparatus as a whole is now well 
known, a brief description of the same will 
suffice for an understanding of its charactor. 

‘The various parts or dovices are preferably 
mounted on a base 1, which contains tho con- 
denser, and comprise а transformor A with 
primary and secondary coils, ono эг moro sclf- 
induction coils C, а ‘small’ electromagnetic 
motor D, aud the cireuit-controller, which is 
driven by the motor. The circuit eouncetions 
will be described in connection with Fig. 5. 

In general plan of construction and arrango- 
nent the apparatus is essentially the samo as 
that described and shown in a patent granted 
to me September 22, 1896, No. 568,176. 

‘The shaft of the motor D extends through 
a stationary disk E, and to ita end is keyed a 
hollow wheel or drum F, which rotates with 
it. "Two standards G are secored to the disk 
Елп connected by а eross-bar Н, from which 
extends an arm K into the interior of the 
drym F through a central opening in itssido. 

То the ond of the arm K is sceured an Arm 
carrying at its (гео ond disk М 
ripheral teeth or projections N, as 
Fig. 2. Tho disk is mounted on any suitable 
bearings іп tho arm L, so us to be capable of 
free rotation. 

Tt ів desirable that tho disk should айт оГ 
adjustinent with respect to tho inner periph- 
eral surface of the druim, and for this purpose 
Т securo tho arm К to a rod О, which passes 
through supports in the cross-bar H and isad- 
justablo therein by means of threaded nuts Р. 

The interior of the drum Е is formed by 
preference in substantially the mannershowe 


29 Nikola Tesla 


P-257 
609.251 


іп Fig. 2—that is tosay, it is tapered or con- 


when the drum is rotated. 

В designates the conductin 
tho lighter n. fluid, which nre 
used in the drum proper quantities 
and proportions of these fluids be introduced 
into thedrum and the latter set in rapid rota 
tion, the two fluids will distribute themselves 
under the action of centrifugal force around 
the drum іо the mannor iodicated in Fig. 2. 
The arm К is adjusted so that. the teeth ог 
projections on the disk M will just enter the 
conducting fluid, and by the action of either 
or both the disk will be rapidly rotated. Its 
teeth are во arranged that no two are simul 
taneously in contact with the conducting 
fluid, but come into the same successively. 
If, thorofore, one part of tho circuit. be con- 
nected to the drum, из by a contact strip or 
brush Т, and the other part to Шо disk М, 
ог to any part, as the standards G, which aro 
insulated from the frame of tho apparatus 
and in metallic connection with the disk M, 
tho circuit will bo mado and broken with a 
rapidity which may obviously bo made enor- 
mously high. "Tho presence of tho non-con- 
ducting fluid on the surfaco об the other 
operates to provent tho occurrence of sparks 
аз the teeth-N leave tho latter aud also to 
prevent the current from leaping across the 
Space between the teeth and the conductor 
аз the two approach 

Tn illustration of the modifications of which 
tho improvement. is susceptible I now refer 
to Figs. 4 and 5, in which also certain novel 
and usefal details of construction applicable 


two rigid arms L and 17, cach 
M, are show: 

creased, if so desired 
this caso are n 
angles to tho ax 


"The rotating disks in 
unted on spindles at right 

of rotation of the drum F, 
and the contact points or projections aro 


formed as vanes, with faces inclined to tho 
plano of rotation, so as to be rotated by tho 
movement of the fluid in the manner of tur- 


Vine wheels 
In order to provide a means for automat- 
ically adjusting the disks to compensate for 
any wear and keep the ends of the vanes or 
points properly immersed in tho fluids, each 
disk. led by a spring or 
ht in tho direction of tho periphery of 
drum, A convehient way to accomplish 
this is to form racks on the arms L L' and to 
provide a pinion b in engagement therewith 
rom tho shaft of the pinion extends an ar 
с, the end of which is connected to an adjust- 
able stop d by a spiral spring e, the tendency 
of which is to turn the pi 1 forco both 
arms L and L'toward the poriphery of the 
drum. 
In some applications of the invention it i 
practicable to prevent the oce: ^f ares 
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still more effectively or even entirely by 
using in addition to the nom condacting fluid. 
а somewhat heavier fluid W, which is a com- 
paratively poor conductor And which takes 
up а position between the eondueting aud 
non-conducting fluids. 

When two or more disks or equi 
vices are used, they may be eonuected either 
iu series or multiple. In the present illus- 
tration they are shown as in series, and as. 
the arms Land L'are insulated from each 
other and each connected with a terminal of 
the source of current the circuit is completed. 
only when a vane of each disk is immersed 
in the conducting fluid and interrupted.at 
all other 

The dia сий, connections will 
serve toillustrate the purpose and modeof op- 
eration of the device. Let / f be the con- 
ductors froma source of current, each includ- 
ing a self-induetion coil C C and connected 
with the arms T, and J. 
ductors B' B”, ‘respect Then during 
the periods when the circuit is completed be- 
tween the two arms L 1/ the coils С С storo 
energy, which où the interruption of said cir- 
cnit rushes into and charges tho condensers. 
These latter during the periods when the 
circuit is closed between arms Land L' di 
charge through the primary A' and induce 
by such discharge currents in the secoudary 

^| which are utilized for any purpose for 
which they may be suited, as in operating 
vacuum-tubes X or snitable lamps Y. 

Tt will be understood that the rotating drum 
may bemounted ina horizontal orother plane. 
and from the nature and objects of the re- 
sults which are attained by the particular 
apparatus described the construction of this 
apparatus may bo very greatly vari 
out departure from my invention. 
~ Without therefore limiting myself to the 
details of construction aud arrangement 
shown herein in illustration of the 
in which злу invention is or may be carried 
out, what T claim 

1. A circuit-controller comprising, in co: 
bination, n receptacle containing а Пай 
means for rotating Ше receptacle,and a term 
nalsupported independently of the receptacle 
and adapted to make and break electric con- 
nection with the receptacle through the fluid, 
as set forth. 

1 2. А circuit-controller comprising in com- 
bination a receptacle containing а conducti: 
fluid and а non-conducting fluid, means (ог 
rotating the receptacle and a terminal adapt- 
ed to make and break electrical connection 
with the conducting fluid within or under the 
non-conducting fluid, as set forth. 

3. A cireuit-controller comprising in со 
bination a terminal capable of rotation 
formed or provided with peripheral contacts, 
а receptacle comprising the opposito terminal 
and containing a fluid into which the said 
contacts extend, and. means for rotating the 
receptacle, as set forth. 


lent de- 


А circuit-controller, comprising, in com- 
bination, a terminal capable of rotation and. 
formed or provided with peripheral projec- 
tions, a receptacle contai ig a fluid con- 
ductor into which the points ог projections of 
the said conductor extend, and means for ru- 
tating the said receptacle, as set forth. 

5. А cireuit-controller comprising, in com. 
bination, a terminal capable of rotation and. 
formed or provided with peripheral projec- 
tions, a centrifugal dram or wheel containing: 
a fluid conductor into which the points or 
projections of the said conductor extend, 
and means for rotating the said drum, as set 
forth. 

6. A cireuit-controller comprising, in сот. 
bination, a terminal capable of rotation and 
formed or provided with peripheral projec- 
tions, п centrifugal drum or wheel containing 
а fluid conductor into which the points of tho 
said terminal extend, and means for adjust- 
ing the latter with relation to the surface of 
the fluid, as set forth, 

7. Acircuit-controlier comprising, in com- 
bination, a terminal having peripheral projec- 
tions and capable of rotation, a centrifugal 
‘drum or receptacle containing a conducting 
and a lighter non-conducting fuid, the sai 
terminal being arranged so that its‘points or 

rojections extend through the aou-conduct- 
[^ into the conducting fluid, when the fluida 
are distributed in the drum under the action 
of centrifugal forco, as set forth. 

8. The combination with a bollow contrifu- 
al drum or wheel containing a conducting 

id, a motor for rotating the same, a sup- 


Ш 
port extending through an opening into,the 


drum, and a rotatable terminal having pe- 
ipheral projections, mounted on said support 
n position in which its projections extend 
into the fluid when displaced by centrifu- 
gal action, as set forth. 

9. The combination with a receptacle eon- 
taining a fluid and means for rotating the 
same, à terminal with peripheral projections 
capable of rotation, and a spring connection 
or support for said ‘terminal tending to Гогео 
it toward the periphery of the receptacle, as 
sot forth. 

10. ‘The combination witha hollow centrifu- 
gal drum or wheel containing a conducting 
fluidand a lighter non-conducting fluid, лелиз 
for rotating the said dram, a support extend. 
ing through airopening into the draw, and a 
rotatable terminal having peripheral projec- 
tions, mounted on said support in posjtion in 
which the projections extend through the 
non-conducting into the conducting fluid 
when the fluids aro displaced by centrifugal 
action, as set forth. 

11. The combination with a centrifugal 
drum containing a conducting aud anon-con- 
dueting fluid, means for rotating the drum, 
а terminal capable of rotation and having 
peripheral projections, mounted within tho 
drum on a stationary support, and a spring 
or its equivalent acting ou the said (егшілді 
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and tending to force из projections toward | tween the conducting and non-conducting 

hie inner periphery of said drum, asset forth. | fluid through tho intermediate fluid of low то 
12. ‘The combination with a receptacle con- | conductivity, as set forth 

taining a conducting fluid, a lighter fluid of 


; low conductivity and a non-condueting fluid MEOLA TISA. 
lighter than the others, and means for rotat- | Witnesses: 
ing the receptacle, of а terminal adapted te M. LAWSON DYER, 
mako and break the circuit by movements be- Parse W. PAGE. 
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To all whom it may concern: 

Be it known that 1, NIKOLA TESLA, resid- 
ing at New York, iu the county and State of 
New York, have invented certain new and 
useful Improvements in Electrical - Cire 
Controllers, of which the following is a speci 
fication, reference being had to the drawings 
accompanying and forming a partof the same. 

Та ovory form of electrical apparatus in- 
volving à means for making and breaking, 
moro or less abruptly, a circuit a waste of en- 
ergy occurs during the periods of make or 
break, or both, duc to the passageof theeur- 
rent through ди are formed between the re- 
ceding ог approaching terminals or contacts, 
or, more generally, through a path of high ге: 
sistance, The tendency of the current to per- 
sist after the actual disjunction or to precede 
the conjunction of tho torminals exists in 
varying degrees in different forms of appa- 
ratus, according to the special conditions 
presont. For example, in the case of an or- 
dinary induction-coil the tendency to the 
formation of an arc at the break is, as а rule, 
the greater, whilo in cortain forms of appa- 
ratus I have invented in which the discharge 
of а condenser is utilized this tendency is 
greatest at the instant immediately preced- 
108 the conjunction of the contacts of thecir- 
cult-controller whieh offects the discharge of 
the condenser. 

‘The loss of euergy occasioned by the causes 
mentioned may be very considerable and is 
generally such as to greatly restrict tho use of 
tho circuit-controller and rehder impossible a 
practical and economical conversion of con- 
siderable amounts f electrical energy by its 
moans, particularly in cases in which a bigh 
frequency of the makes and breaks 
quired. 

Extended experiment and investi 
conducted with the aim of discovering a 
racans for avoiding the loss incident to tho 
uso of ordinary forms of circuit-controllers 
havo led me to recognize certain laws govern- 
ing the wasto of energy and making it de- 
pendent chiefly on the volocity with which 
the terminals approach and recede from ono 
another and also moro or loss on the form of 
the current-wave. Briefly stated, from both 
theoretical considerations and practical ex- 
periment it appears that the loss of enorgy 


in ашу device Гог making and breaking e 
cuit, other conditions being the same, is 
versely proportional rather to the square than 
to the first power of tho spoed or relative vo- 
locity of the termiuals in approaching aud re- 
coding from ошо another in an instance in 
which the curront-curvo is not ко stoop as to 
materially depart from ono which may bo 
represented by a sino fonction of the time; 
but such a caso seldom obtains in practice. 
On thee: tie current-curve resulting 
from а mako and break is generally very 
steop and particularly ко when, ns in my sys- 
tem, the cireuit-controller effects the charg- 
ing and discbarging of a condenser, and con- 
sequently the loss of cnorgy is still moro 
rapidly reduced by increased velocity of ap- 
proach and separation. Tho demonstration 
of these facts and tho recognition of tho im- 
possibility of attaining tho desired rosults by 
using ordinary forms of citenit-controllers 
led me toinveot new and essentially different 
means for making and broaking a circuit in 
which I have utilized a conducting fluid, such 
as morcury, as the material for ono or both of 
tho terminals and devised novel means for 
effecting a rapidly-intermittont contact be- 
tween the fluid and a conductor or series of 
conductors forming the other terminal. 
With a view, howover, to securing a moro 
practical and efficient circuit-controllor in 
which not only tho relativo врера of tho tor- 
minals but also the froquoncy of tho makes 
and breaks should be very bigh I dovised tho 
the form of instrumont described in au appli- 
cation filed by mo Juno 3, 1897, Serial No. 
522,227, in which à receptaclo is rotated to 
impart а rapid movement to a body of con- 
ducting fluid contained therein, which is 
brought in rapidly-intermittent contact with 
а conductor having poriphoral projections 
extending into the fluid, the movemontof tho 
latter being conveniently utilized to rptato 
the conductor. Such a dovieé, though mect- 
ig fully many requirements in practico, is 
nevertheless subject to certain limitations in 
the matter of attaining a bigh relative spoed 
Г approach aud separation of the terminals, 
о the path of movement of the conduct- 
ing projections is not directly away from and 
toward the fluid, but moro or less tangential 
to the surfaco of the latter, tho velocity of 
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approach and separation being of course the 
smaller the greater the diameter of the ro- 
tated conductor or terminal. 

With the object of securing a greater ге 
tivespeed of the terminalsand aconsequently 
more efficient form of cireuit-controller of 
this typo I devised the modified form of ap- 
paratus which constitutes the subject of my 
present application. 

In this-apparatus one of the members or 
terminalsisa conducting fluid which iscaused 
to issue from an orifice ag: 

paced ‘conductors in rapid succession. For 

this pre the series of conductors, or it 
may Ъе в single conductor, is moved trans- 
versely through tho stream or jet of fluid, or 
the jet is moved so as to impinge ypon the 
conductors, or both jet and conductors are 
moved. This is preferably accomplished by 
mounting the conductors and the tube or duet. 
from which tho fluid issues concentrically and 
revolving one or both. Ж 

The chief feature of novelty which distin- 
guishes (he apparatus and in which my im- 
provement resides is tho plan adopted for 
maintaining tho stream or jet of conduct- 
ing fluid, ‘This consists in utilizing tho samo 
power that actuates or drives tho cireuit-con- 
troller in effecting tho necessary relativo 
movement of its terminals to maintain tho 
proper circulation of tho conducting fluid 
Әу combining the two mechanisms (tho con- 
troller aud tho means for maintaining a cir- 
culation of the conducting 8914) їп one. ‘This 
feature із of grext practical advantago and 
may be effected in many ways. A typical ar- 
rangement for this purpose is to provide a 
tube or duet having an orifice at опе end di- 
rected toward the spaced conductors and its 
other end iv а position to take up а portion 
ing body of conducting 
d,divertit through theduct, aud dischargo 
‘against the conductors. With this object 
when а closed receptacle is used a holder for 
the tubo is employed, mounted within the ro- 
ceptacle and coucontrically therewith, and 
this holder, when the receptacle is revolved, 
is held or influenced by any suitable means, 
аз by magnetic attraction exerted from the 
outside or otherwise, in such mannor as to 
keep it cither in a fixed position or impress 
upon it a velocity different from that of the 
rotated fluid. ts 

Such other improvements in details as I 
have devised and applied to (ће construction 

nd operation of my improved circuit-con- 
roller will be moro fuily hereinafter de- 
scribed; butfromtho above general statement. 
of the nature of the device it will be observed 
that by means of the same the velocity of 
relative movement of the two parts or ele- 
ments may be enormously increased and the 
durgtion of the areordischarge between them 
at tho periods of make and break thereby 
greatly reduced without waterial increase in 
the power required to effect it and.without 
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impairing the quality of contact or doterio- 
rating the terminals. 

In the drawings hereto 
isa diagram illustrating the system for which уо 
the improvement was moro especially do- 
signed. Fig. 2 is a top plan view of the cir- 
cuitcontroller. Fig. 3 іза view showing the 
induetion-coil of Fig. 1 with its condenser- 
case in side elevation and the cireuit-con- 
troller in vertical central section. 

Tho general schemo of the system for uso 
with which my improved eireuit-controllor is 
more especially designed will be understood 
bya brief reference to Fig. 1. In said figure, 
А А represent. the terminals of а source of 
current, A’ is n self-induction or choking 
coil included in one brauch of the circuit and 
permanently connected 10 оше sido of а con- 
denser A". The opposite terminal of this 
condenser is connected to tho other terminal 
of the source through the primary B of a. 
transformer, the secondary D' of which sup- 
plies the working circuit containing any suit- 
ablo translating devices, as В". 

The cireuit-controller С, which is repre- 
sented conventionally, operates to make and 
break a bridgo from one terminal of tho 
source to a point between the choking:coil 
A’ and tho condenser А”, from which it will 
result that when-tho cireuit is completed 
through the controller tho choking-coil A' is 
short-circuited and storos energy which is dis- 
charged into the condenser whew the con- 
troller-cireuit is broken, to be in turn di 
charged from the condenser through tho pri 
mary В when theso two are short-cireuited 
by ihe subsequent completion of the cor 
troller-circuit. 

1 refer now to Figs. 2 aud 3 for an illus- 
tration: of tne moro important and typical 
features of my improved cireuit-coutroller. 
‘Tho parts marked а compose а closed recop- 
taclo of cylindrical form having a domo or 
extension of sinaller diameter. "Tho recepta- 
clo is secured to the end of a spindlo c, which 
is mounted vertically in bearings of any char- 
acter suitable for the purpose. As it is in- 
tended to impart a rapid rotation to the ro- 
coptaclo а, I have shown a convenient do- 
vice for this purpose comprising a field-ma;- 
net d, secured to the base ог tramo e, and an 
annular armaturo f, secured to tho recepta- 
cloa. ‘The coils of Шо armature aro con- 
nected with the plates g of a commutator so- 
cured to the receptacic а and mado in су! 
drical form, so as to surround the socket in 
which the spindle с is stepped. А body of 
magnetie material h, whieh serves as an аг- 
mature, is mounted on antifrietion-bearings 
on an extension of the spindle c, so that Шо 
receptaclo and tho body A тау havo freely 
independent movements of rotation. ‘Su 
rounding the domo b, in which the armature 
А is contained, is a сого with pole-pieces o, 
which аго magnetized by coils p, wound on 
the соге. Tho said coro is stationary, being 
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supported by arms г, Fig. 9, independently 
of the receptacle, so ibat when the recepta- 
elo is rotated and the core energized the s! 
tractive force exerted by the poles o upon the 
armature А within the receptacle a holds the 
said armature against rotation. То prevent 
loss from currénts set up in the shell of the 
dome b, the latter should be made of German 
silver ot other similarprecaution takev. An 
arm iissecured to the armature й within the 
receptacle a and carries at its end a short 
tube k, bent, as shown in Fig. 2, so that one 
open end is tangential to the receptaclo-wall 
and the other directed toward tho center of 
the same. Secured to the top plate of the re- 
ceptaclo а are a series of conducting-plates l. 
"Тіс part of the top plate s from which said | 
conducting-plates / depend is insulated (гош 
the receptacle proper by insulating packin; 
gs f, Dut is electrically connected with the 
dome Ù, aud in order to maintain electrical | 
couneetion from an external cireüit to the 
conductors la mereury-cop w is set in the 
top of the doine, inta which cup extends a st 
tionary terminal plug л. А small quantity 
of a conducting fluid, such as mercury, is put 
into,the receptacle a, and when the latter is 
rotated the mercury by centrifugal action | 
is forced ont toward its periphery and rises 
upalong its inner wall, When it reaches the 
Jovel of the open-mouthed tube k, a portion is 
taken up by tho latter, which is stationary, 
and forced by its momentum through tho tube 
and discharged against the conductors | as 
tbe latter pass in rapid succession by the ог 
fice of said tube, In this way the сігсо 
tween the receptaclo and tho cobduetors 7 is 
completed during the periods in which the 
stream or jet of mercury impinges upou any 
of the conductors Land broken whenever the 
stream is discharged through the spaces be- 
tween the conductors. | 

From the nature of the construction and | 
mode of operation of the above-described ap- 
paratus it is evident that tbe relative speed of 
Separation and approach of the two elcinents 
orterminals (the jet aud theconduetors!) ша 
beestremely high, while such increased speed 
affects in no material respect the quality of 
contact. 

A circuit-controller of the kind described 
is applicable aud useful in many oth 
tems and apparatus than that part 
described herein, and may be greatly 
fied in construction without departure from, 
the invention. 

Tam awarethata jet orstream of conduct- 
ing fluid has heretofore been employed as a 
means for completing an electric circuit, and 
I do not claim, broadly, the employment of a 
conducting fluid in such form as a contact or 
terminal; but sə far as I am aware both the 
purposo for which I employ such form of con- 
tact or terminal and the manner in which I | 
65 apply it are wholly of my invention, neither 

having been heretofore proposed. 
What I ciaim is— i 
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1. Tbe combination with a receptacle of a 
conductor or series of spaced conductors, a 
nozzle or tube for directing a jet or stream of 7o 
Guid against the same, the nozzle and conduc- 
tor being capable of movement relatively to 
each other, and means for maintaining a cir- 
enlation of conducting fluid, contained in tho 
receptacle, through the said nozzle, and do- 
pendent for operation upon such relativo 
movement, as set forth. 

2. The combination with a closed recepta- 
cle of a conductor or series of spaced canduc- 
tore, a nozzle or tube-for directing a jet or 
stream of fluid against tho samo, and means 
for forcing a conducting fluid contained in 
tho receptacle through tho said nozzle, these 
parts boing associated withia tho receptaclo 
дай adapted to booperated by the application 
of a single actuating power, as set forth. 

3. ‘Ihe combination with a receptacle con- 
taining a series of spaced couductors, a duet 
within the receptacle having ono of its ends 
rected toward the said conductors, means 
for maintaining a rapid movement of rela- 
iive rotation between the said end вой the 
conductors and means for maintaining a cir- 
culation of а conducting uid contained in 
the receptacle through the duct against tho 
conductors, the said conductors aud jot con- 
stituting respectively tho terminals or ele- 
ments of an clectric-cireuit controller. 

4. The combination with a receptacle cm- 
pable of rotation and containing a series of 
spaced conductors, a duct within tho recepta- 
cle huving au orifice dirocted toward ће shid 
conductors, and an open end in position to 
tako up a conducting fluid froma body of tho 
samo contained in the receptacle, when the 
latter is rotated, and direct it against tho con- 
ductors, tho said conductors and tho fluid 
constituting the terminals or elomouts of an 
electric-cireuit controller. 

5. Tho combination with а receptaclo for 
containing a conducting fluid and a serics of 
spaced conductors thereon, of a duct having 

п orifice directed toward the eaid conductors 
and forming a conduit through which the 
fluid when tho receptacle is rotated is forced 
and thrown upon the conductors. 

6. "The combination with a receptacte ca- 
pable of rotation, and a series of conductors. 
anted therein, of a duct having an orifice 
directed toward the conductors, a holder for 
said duct mounted on bearings within the ro. 
ceptacie which permit of а freo relative rota- 
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tion of said receptacle and holder, and means 


for opposing the rotation of. the said holder 
iu tbe direction of the movement of tho fluid. 
while the receptacle is rotated, whereby tho 
conducting fluid within the receptacle will bo 
caused to ilow through the duct against the 
conductors. 

7. The combination with a receptacle and 
а motor for rotating the same, of a magnetic 
body mounted in Ше receptacle, a magnet ex- 
terior to the receptacle for maintaining the 
body stationary whilo tho receptacle rotates, 
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а series of conductors in the receptacle and 
a duct carried by the said magnetic body and 
adapted to take up at ono ond a conducting 
luid in the receptacle when the latter rotates 
and to direct such fluid from its opposite end 
against tho series of conductors. 

8. The combination with a rcceptaclo for 
containing а conducting fluid, a series of 
spaced conductors within the samo, and a 
motor, the armature of which is connected 
with the receptacle во as to impart rotation 
thereto, a magnetic body capable of turning 


| 


frecly within tho receptaclo about an axis 
concentric with that of the latter, a duct car- 
ried by the said body having one end in ро- 15 
ion to take up the conducting fluid and the 
other in position to discharge it against tho 
spaced conductors, and a magnet exterior to 
roceptacle for holding the magnetic body 
stationary when the receptacle isrotated. ^ zu 
IKOLA TESLA. 
Witnesses: 


М. LAWSON DYER, 
G. W. MARTLING. 
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To all whom it may concern: 
Bo it known that 1, NIKOLA TESLA, resid- 
2 at New York, in tho county and State of 
Now York, have invented certain new and 
useful Improvements in Electrical - Cirenit 
Controllers, of which tho following is a speci- 
fication, reference being had to the drawings 
accompanying and forming part of the same. 

Та order to secure a moro efficient working 
of cireuit-controllers, particularly із their 
use in connection with my system of elec- 
trieal-energy conversion by means of con- 
onser discharges, I havo devised -certain 
novel forms of such appliances, comprising 
as essential elements a body of conducting 
fluid constituting one of the terminals, a con- 
ductor or series of conductors forming tho 
other terminal, and means for bringing tho 
two into rapidly -intermittent contact with 
each other. These devices possess many de- 
sirable qualities, particularly that of being 
eminently adapted for makiog aud breaking 
ара very rapid rato electric circuit and 
thus reducing to а minimum tho time of pas: 
sago of the current through an are or path of 
h resistance and diminishing thereby tho 
losses incident to the closure and interrup- 
tion of the circuit. Continued experimenta- 
tion with these appliances has led mo to make 
further importaut improvements by causing 
the inake-and-break to be effected іш an inert 
medium of very high insulating power. 

It т a fact, which was fully demonstrated 
by Poggendorff and utilized by him to im- 
prove the operation of induction-coils, that 
when tho contact-points of a eireuit-breaker 
are inclosed in a vessel and the latter ex- 
hausted to а high degree tho interruption, of 
tho current is rendered moro sudden, as if a 
condenser wero connected around tho break. 
Furthermore, my own investigations bavo 
Shown that undor such conditions the closure 
also is moro sndden, and this to oven a greater 
degreothan the break, which result attribute 
to tho high insulating quality of tho vacuous 
space, in consequenco of. which Ше olectrodes 
шау be brought in vory close proximity be- 
foroan are cau bo formed between Шет. Ob- 
viously these facts may be utilized in con- 
nection with my novel circuit-controllers; 
but inasmuch as only a very moderato im- 
provement is secured in this manner and аз 
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tho high vacuum required is quickly de- 
stroyod and cannot be maintained, unloss by 
& continuous procoss of rarefaction and othor 
inconvenient measures, I рахе found it desir- 
able to employ more effective aud practical 
means to Inczease tho efficiency of tho de- 
vices in question. Tho measures 1 havo 
adopted for this purposo have resulted from 
my recognition of certain ideal qualifications 
of the medium wherein to effecta make-and- 
break. ‘Those may be summed up as fol- 
lows: First, the medium by which the contact- 
points are surrounded should have as high 
ап insulating quality as possible, so that the 
terminals may be approached to an ех- 
tromely short distanco before tho current 
leaps across tho intervening space; second, 
the closing up or repair of the injured dielec- 
trie, oF, in other words, tho restoration of tho 
insulating power, should be instantaneous in 
order to reduco to a minimum the timo dur- 
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ing which tho waste principally oceurs; third, 
tho medium should be chemically inert, soas 75 
to h as much as possible the deterio- 


ration of the electrodes and to prevent chem- 


juirements I have employed in somo of my 
Gireuit-controlling devices a fluid of high in- 
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thickness, and thus pass through all degrees 
of resistance aud causing a more or less cof 
siderable waste of energy. ‘Toovercome this 
dofect aud to still more nearly attain thethe- 
oretical conditions required for most efficient 
working of the cireuit-controlling devices, I | 
have been finally led to use a fluid insulating 
medium subjected to great pressure. 

The application of great pressure to the ne- 
dium in which the máke-and-break is made 
secnres n number of specific advantages. 
Опе of these may be obviously inforred from 
woll-ostablished experimental facts, which 
demonstrate that the striking distance of an 
аге is approximately inversely proportional 
to the pressure of gaseous medium in which 
it occurs; butin view of the fact that in most. 
cases occurring in practice the striking dis, 
tance is very small, since the differonco of 
potential beiween the electrodes is usually 
not more than a few hundred volts, Шо есо- 
nomical advantages resulting from tho reduc- 
tion of tho striking distance, particularly on 
approach of thé terminals, are not of very 
great practical consequence. Бу far the 
moro important gain 1 have found to result | 
from an effect which I have observed to fol- 
low from the action of such a medium when 
under pressuro upon the arc—namely, that 
tho cross-section of tho latter is reduced xp- 
proximately in an iuverso ratio to-the pres- 
sure, As undor conditicns in other respects 
tho sine tho waste of energy in an arcis pro- 
portional toitseross-section, a very important. 
пішіп economy generally results. А feature 
f great practical value liesalsoin the factthat 
the iusulating power of the compressed 
dium is not materially impaired even by co 
siderable incroaso in temperature, aud, fu 
thermore, that variationsof pressure between 
wide limits do not interfere notably with the 
operation of the circuit-controller, whereas 
such conditions aro fatal drawbacks when, 
for instance, Poggendorft’s method of insu- 
lating the terminals is used. In many other 


respects, however, a gas under great com- 
carly fulfils the ideal requirements 
in the sudden brea 


pression n 
above mentioned, 
down and quick 
power, and also in chemi 
by propor selection of the gas ise: 
In carrying out my 
under pressuro шау be pr 
чашей in any proper manner, tho i 
ment not being limited in this parti 
any special means for the purpose. I prefe 
however, to sccure the desired -result by i 
closing tho circuit-controller, or at least so 
much of the samo as shall includo tho termi- 


While the improvement із applicable gen- 
erally to circnit-controllers, the best results. 
Will be secured by the use of devices in which 
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a high relative speed between the terminats 
is obtainable, and with thisispecial object in. 
view I bave devised a novel eircait-controller 
which, though belonging to the elass of which 
Thave shown а typical form in my applica. 

'a for patent nled December 2, 1897, Serial 
No. 660,518, differs in certain particulars of 
construction, which will be understood fron 
the following comparisgh: In the proviowsls- 
doscribed form of said circuit-controllers a 
rotary receptacle, carrying within 
of spaced conductors, is driven at a h 
by a suitable motor, Mounted wii 
concentrically with the receptaclo, but capa- 
Die of freo independent rotation with respect 
thereto, is a body which during the rotation 
of the receptacle is retarded or restrained 
against rotation by tho application of ъи! 
able force. This body carries a tube or duct 
which takes up at one end a fluid conductor 
contained in the receptacle and rotating with 
the samo and discharges it from the other 
end against tho rotating spaced conductors. 

While an apparatus thus constructed is 
very efficient aud performs tho work required 
of it in а highly-satisfactory manner, it is 
nevertheless subject to certain limitations, 
arising mainly from theamountof work which 
the conducting fluid is required to perform 
and which increases with the speed. With 
tho object of overcoming objections that 
might lio to this form of circuit-controller in 
the particular referrod to, I devised the formi 
of instrument shown herein. Tho featutes 
which more particularly distinguish this (бги 
аге Шо following: I employ a closed station- 
ary receptacle within which is mounted 
body that is capable of being rotated in ап, 
way—as, for example, by tho drag or pull 
upon it of an éxternal fold of forco or a mag- 
metrotated bodily. The rotary body Пара 
rotatiop to a serios of spaced couduelors 
within the rccoptaele and also operates as n 
pump to maintain a flow of conducting fluid 
through oneorimorostationary ductsand from. 
tho same against the rotating conductors. 

Tho details of this apparatus will be de- 
scribed by reference to the accompanying 
drawing, which is a vertical eontra] section 
of the cireuit-controller completo. 

A is а recoptacle, of iron, месі, ог оџког 
proper material, with a hend H, secured by а. 
gas-tight insula: mt. Within this re- 
ceptacle is contained tho -controller, 
which, in so far as tho main feature of my 
present invention is concerned, may be of any 
desired construction, but which, for tho ren- 
son stated above, is of tho special character 
shown. A spindle C is screwed or othorwiso 
secured centrally in the head Jj, and on this 
is mounted on antifrietion-bearings a body 
to which rotary motion may be imparted. 
‘The construction of the device іш this particu- 
lar and the means for imparting rotation to 
the said body may bo greatly varied; but a 
convenient means for accomplishing this ix 
to secure to the rotary sleeve D a laminated 
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magnetic соге E and place afound the portion 
of the head B which contains it a core F, 
provided with coils and constituting the pri- 

гу element of a motor capable of produc- 
ing а rotary field of force which will produco 
a rapid rotation of the secondary element ог 
соге E. To the depending end of the sleeve 
D is secured a conductor G, usually in the 
form of a disk with downwardly-exteuding 
teeth or poripheral projections H. То the 
sleeve or the disk G is also attached, but in- 
sulated therefrom, a shaft Т, having a spiral 
blade and extending dowu-into a well or cy- 
lindrical recess in the bottom of the recopta- 
cle. Опо ог more ducts ог passages J lead 
from the bottom of this well to points near 
the path of the conducting-teeth II, so that. 
by the rotation of the screw I a conducting 
fluid, which runs into the «ell from the recop- 
tacle, will bo forced up through the duct or 
ducts, from which it issues in a jet or jets 
against tho rotating conductor. То facilitate 
this operation, the well is surrounded by a 
flange K, containing passages L, which per- 
mit the conducting fluid to flow from tho re- 
coptaclo into tho well, and having beveled 
ides which serve as a shield to deflect tho 
fluid expelled from tho duets through the 
‘spaces in the conductor to the bottom of tho 
recoptacle. 

M is any suitable reservoir communicating 
with tho interior of. tho main roceptaclo an 
cont g а liquefied gas, such as ammonia, 
which maintains a practically inert atmos- 
phoro under pressura in tho receptacle. 

Preferably, though mainly ая а mattor of 
convenience, tho receptacle M is a metal сир 
with a hollow central stem N, the opening 
for the passago of қаз being controlled by a 
scrow-valvo in tho top of the сц ‘Tho said 
cup is screwed onto the end of thé spindle 
C, through which is a passage O, leading into 
tho interior of the receptacle A. 

‘Tho receptacle A aud о соп 
which is 


tho circuit will be completed betwoen the 
two insulated parts of the receptaclo through’ 
tho jet or jets of conducting fluid whenever. 
they impinge upon tho said conductor. 

To insuro a good electrical connection be- 
tweon tho sleovo D and the spindle C, I pro- 
vide in tho former a small chamber R, which 
contains mercury, and into this the end of 
tho spindle С extends. 

‘Tho special advantages of this particular 
form of circuit-controller heretofore referred 
to will now more readily appear. ‘Tho mass 
and wolght of tho rotating parts are greatly 
reduced and a very high speed of rotation ob- 


tained with small expenditure of energy. | conductor and extending 


P-269 


The power required to maintain the jots of 
conducting fluid is, moreover, very small. 

Having now described my invention, what 
Ielaim is— 

1. The combination with п closod recepta- 
cle, of a circuit-controller contained the 
and surrounded by an inert insulating т 
dium under pressure, 

2. The combination with a closed recepta- 
cle, of a cireuit-controller contained therein 
and means for maintaining within said recep- 
taclo an inert atmosphere under pressure. 

3. Тһе combination with a closod rocepta- 
clo, of a cireuit-controller contained theroin, 
and a vessel containing n liquoficd inort gas, 
and communicating with tho interior of the 
receptacle. 

+. The combination with a cirénit-control- 

ing mechanism, one part or terminal of which 
is л conducting’ fuid, such as mercury, of a 
receptacle inclosing the same and means for 
maintaining an inert gas under pressure in 
tho recoptacle. 

‘The combination with a conductor or s0- 


ries of conductors constitu torminal 
ofa cireuit-controller, mean aintatning 
а stream or jot of conducting fluid as tho 
other і with which tho conduetor 
wakes close reóopta- 


s, and means for 


cle contai 
йай позрћеге under pros- 


maintal 

suro in tho receptacle. 
6. A de 

electric ci 


ng fuid wi 
а conductor or conductors making intermit: 
tent contact with the jetand constituting the 
other terminal and a receptacle inclosing and 
excluding oxygen from tho said terminals. 

7. The combination with a receptaclo, of 
а conductor or series of spaced conductors 

iounted therein, а motivo device for rotat- 
ing said conductors, one or more nozzles for 
directing а stream or jet of fluid against tho 
conductor, and а foree-pump in direct con- 
nection with the conductor for maintaining a 
circulation of conducting fluid contained in 
the receptacle through the nozzlo or nozzles, 
tho conductor and (ће fluid constituting ro- 
spectivoly tho terminalsof acircuit-controller. 

8. Thecombination of a casing, a conductor 
orseries of spaced conductors mounted there- 
in, a motor for rotating tho samo, one or more 
duets or channels from a receptacle contain- 
ing a conducting fluid and directed toward 
the conductors, and a screw operated by the 
motor for forcing the conducting fluid through 
tho duet or ducts against the conductors, tho 
conductors and the fluid constituting the ter- 

jals of an electric-cireuit controller. 
Тһе combination with a receptacle con- 
tainlog a conducting fluid, of a conductor 
mounted within the receptacle, means for го- 
tating the samo, a scrow rotating with tho 
io a well in wh 
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the flaid collects, and a duct qr ducts leading 
from the well to points from which the fluid 
‘will be directed against tho rotating con- 
ductor, 

10. Tie combination with the receptacle, 
of a spindlo secured to its bead or cover, a 
maguotic core mounted on the spindle withia 
the receptacle, means for rotating said core, 
а conductor rotated by the core, and a pump- 


ing device, such as в serow rotated by Ше то 
core and operating to maintain a jet or jets 


of condacting fluid, against tho conductor, 
when in rotation. 


NIKOLA TESLA. 
Witnesses: 

M. Lawson DYER, 

G. W. ManrLiNO. 
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To ай whom it muy concer 
Bo it known that Г, NIKOLA Testa, a citi 
zeu of the United States, residing in the Бог. 
ough of Manbattan, iu the city, county, and 
Stato of New York, have invented certai 
and useful Improvewents іш Electric- 
Controllers, of which the following isa sj 
ficatiou, reference being bad to the drawing 
accompanying and formlngapart of the same. 
‘The invention which forms the subject of 
my present application is an improvement in 
в novel class of cirenit-coutrolling appliauces 
horetofore invented by mo and more ospe- 
cially designed to be used with my now well- 
known apparatus for tho production of elec- 
trie carrents of high frequency by meaus of 
condenser-discbarges, but applicable gener- 
ally as a means for making and breaking аш 
electric circuit 
In the circuit-controllers of thy particular 
class or typo to which my proseut improve- 
ment portains I havo utilized a couducting 
liquid as опо of Шо termiaals and have om- 
ployod as tho other terminal a solid conductor 
d provided various means for bringing the 
two into rapidly-intermittont contact. 

‘Tho distinguishing featuro of my present 
improvement lics chiefly in the use of a con- 
dueling liquid for both tho terminals under 
conditions which permit of a rapidly-inter- 
mittent contact between Шеш, аз will be 
horeia set forth. 

The accotdpanying drawing illustrates av 
apparatus embodying tbe priacipleof my said 
improvement, 

The figuro із a central vertical section of 
the cireuit-coutroller. 

In the drawing is shown a receptacle com- 
posed of two cylindrical metallic portions A 
AY, secured together by bolts В and nuts С, 
but idsulated from cach other. The recep- 
tacle із journaled, by means of trunnions 
formed on or secured Lo its ends, іп standards 
D D, aud any suitable meaus is employed to 
impart rotation to it. This is conveni 
effected by constructing or organi 
coptacio iu such manner toat it шау servo as 
tho rotating element of an electromagnetic 
motor in conjunction with a surrounding 
stationary element E E. The abutting сода 
of the two parts of the veeeptaclo aro formed 


ng tho ro- 


with Inwardly-extending Manges F, which dl- 
vide Ше peripheral portions of the recepta. 
cle into two compartments Into one of 
thero compartments, as G, extends п spindle 
И, kaving its bearing in the end of the part 
A and the trunnion secured te or extending 
therefrom. Into the other compartinent G 
extends a spindle 1С, similarly journaled in 
tho end of part A’ and its truuniou. Each 
spindle carrios or is formed with a weighted 
arm K, which, remaining in a vertical posi- 
tion, holds its spindlo statiouary when tho 
receptaclo is revolved. 

‘To tho weighted arm of spindle П is secured 
a standard T, carrying a tube 17, with ono 
open ond in close proximity to the inner po- 
ripheral wall of the compartment О and tho 
other directed towatd the axis, but iuclined 
toward the opposite compartment. ‘fo tho 
weighted arm of spindle H' is similarly so- 
cured а standard М, which is hollow and con- 
stitutes a portion of n duct or passage which 
exteuds through a part of tho зрш nud 
spons throngh в пио ME Into a cireular 
chamber N iu tho wall of the part А. From 
this chamber run passages N' to nozzles O, in 

ition to dischargo jots or streams of liquid 
iu such directions us to intorsect, when tho 
nozzles aro rotated, а stroam issuing frow (ho во 
end of tubo L’. 

In each portion or compartment of tho ro- 
ceptaclo is placed a quantity of a conducting 
liquid, such as mercury, and the ouds of tho 
tubes 1/ and M aro provided with oponings 
which tako op tho mercury when on the ro- 
tation of the receptacle it is carried by cen- 
irifugal force against tho peripheral wall. 
"Tho mercury when taken up by the tube L^ 
issues in a stream or jot from the inner end 
of said tube and is projectod into the com- 
partment С. Tho mercury taken up by Шо 
tubo M runs into the circular chambor М, 
from which it is forced through the passages 
N'to the nozzles О, from which it issues іш 
jets or streams directed into the compart- 
mont G. As tho nozzles O revolve with the 
receptacle the streams which issno from them 
will therefor bo carried across Шо path of 
tho stream which issues from the tubo L’ aud 
which із stationary, and the circuit between 
the two compartments will be completed by 
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tho streams whouever they intersect and in- 

terrupted at all other times: 

‘The continuity of the jets or streams is not 
preserved ordinarily to any great distance 
beyond tho orifices from which they issue, 
‘and hence they do not serve as conductors to 
electrically connect tho two sides of the re- 
veptaclo beyond their poiut of intersection 
with each othor. 
It will beundorstood that sofarasthe broad 
feature of maintaining the terminal jets is 
concerned widely-different means may bo em- 
ployed for the purpose and that the spindles 
mounted in free bearings concentrically with 
15 theaxis of rotation of the reeeptaclo and held 
against rotation by the weighted arms const 
tute but one specific way of accomplishing this 
result. This particular plan, however, has 
certain advantages and may bo applied to с 

20 cuit-controllers of this class generally when- 
everitis necessary to maintaina stationary or 
nearly stationary body within a rotating re- 
ceptaclo. It is furtber evident from the na- 
ture of the caso that it is not essential that 

25 tho jot or jets in one compartment or portion 
of tho instrument should be statiouxry and 
thoothers rotating, but only that thero should 
bo such relativo movement between them as 
to cause the Lwo sets to come into rapidly-i 

до termittent contact in the operation of the d. 
vico. 

"Tho number of jets, whether stationary or 
rotating, is purely arbitrary; but since tho 
conducting did fs directed from ono com- 

35 partment into tho otk 


10 


"the aggrogateamount 
normally discharged from the compartments. 
should be upproximately equal. However, 
since there always exists a tendency to pro- 
ject a greater quantity of the fluid from that. 

4o compartment which contains the greater into 
that which contains tho lesser amount no dif- 

ficulty will be found in this respect in main- 

taiving the proper conditions for tho satisfac- 
tory operation of the instrument. 

А practical advantage,especially important 
when а great number of breaks per anit of 
timo is desired, is secured by making tho 
number of jets in опо compartment even and 
in the other odd and placing each jet sym- 
metrically with respect to tho center of rota- 
tiou. Preferably the difference between tho 
numberof jetsshouldbeone. Bysuch means 
the distances botween the jets ө each set aro 
made the greatest possible and hurtful short- 
circuits arc avoided. 

For the sako of illustration let tho nnmber 
of jets or nozzles 1/ in one compartment bo 

io and the number of those marked О in 
the other compartment ten.. Then by one 
revolution of the receptaclo there will bo 

ety makesand breaks. Toattain thesame 
result with only опе jet, as 17, it would be 
necessary to employ ninety jets О in the other 
compartinent, and this would be objecti 
able, not only becauso of tho close proximity 
of tho jots, but also of the great quantity of 
fluid requived to шаішіліш them. 


30 Nikola Tesla 


as 


50 


60 


os 


Та the use of tho instrument as а cireuit- 
controller it is merely necessary to connect 
the two insulated parts of the receptacle to то 
the two parts of the circuit, respectively, ав, , 
Бу causing brushes X Y, connected with eir- 
cuit-wires, to bear at any suitable points on 
the said two parts А A’. 

Tn instruments of this character in which 75 
both terminalsare formed by a liquid element. 
there is no wear or deterioration of tho tei 
minals and the contact between the 
perfect. The durability and efficiency of the 
dovices aro thus very greatly increased. 

Тауіпд now described шу invention, what 
1 саћа is— 

1. А cirenit-controller comprising iu con- 
bination means for producing streams or jets 
of conducting liquid forming the terminals, 
and means for bringing the jets or streams of 
the respective terminals into intermittent 
contact with each other, as set forth. 

. In a cirenit-controller, the combination 
with two sets of orifices adapted to discharge 
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those of ono set will inter 
those from the othe 

2. The combination in à 
of ductsand mous for discharging therefrom 
Streams or jeta of conducting Пија іш cleo- 
trical contact with the two parts of thecireuit 
respectively, the orifices of said ducts being 
capable of movement relatively to each other, 
whereby the streams discharged therefrom 
will intersect at intervals during their rela- 
ive movement, aud make and break the elec- 
trie cireuit, as set forth, 

4. In а circuit-controller the combination 
with one or more stationary nozzlesand means 
for causing х conducting fluid formiug ono 
terminal to issue therefrom, of one or m 
rotating tubes or nozzles, means for causing 
а conducting liquid forming the othor ter- 
minal to issto therefrom, tho said rotating 
nozzles being movable throngh such a path as 
to causo the liquid issuing therefrom to in- 
tersect that from the stationary nozzles as set 
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5. Tho combination with a rotating recep- 
taclo divided into two insulated compart- 
ments, а spindle in one compartment with its 
axis concontrie with that of tho reeeptaeie, 
means for opposing tho rotation of said spin- 
dle, and л tub or duet carried by the spindlo 
and adapted to take up a conducting fluid at 
опе end from the inner periphery of tho com- 
partment when tho roceptacle is rotated and 
direct it from tho other end into tho other 
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into a chambor from which lead one or moro 
passages to nozzles fixed to tho rotating re- 
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ceptacle sind adapted to discharge across tho 
path of the jet from the stationary nozzle, as 
set forth. 
6. In a cirenit-eontroller the combination 
5 with a rotating receptaclo of a body mounted 
therein and formed or provided with a 
weighted portion eccentric to its axis which 
opposes Иа rotation and a tube or duct car 
ried by sald body and adapted to take up a 
1o conducting пала from the rotating receptacle 
аз sot forth. 
7. In n cirenit-controller the combination 
of two sets of nozzles and means for project- 


ing from the same, jets of conducting fluid 
which coastitate respectively tho torminals 15 
of the controller, means for moving the noz-: 
zles relatively to each other so that tho jets 
of the two sets are brought successively into € 
contact, the nozzles of each set being arranged! 
symmetrically about an axis of rotatiop,thero 20 
being one more nozzlo in one set than in tho 


other. 
7 NIKOLA TESLA, 
он Dren, j 
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Ту all whom it may concern. 
Bo it known that I, NIKOLA TESLA, of the 
borough of Manhattan, in thocity county, and 

State of New York, have invented certain new 
5 and useful Improvements in Circait-Control- 

lors, of which the following is a specification, 

reference being had to the drawings accompa- 
nying and forming a part of the same. 

Іп ап application filed by me on Juno 3, 
зо 1307, Serial No. 639,227, I have shown and de- 

scribed a device for making and breaking an 

electric circuit comprising а rotary receptacle 
containing a conducting fluid and a terminal 
mounted within but independently of the re- 
15 ceptacle and caused by the rotation of tho 

Jatter to make and break oleetrical contact 
with the fluid. 

‘Tho invention on which my present appli- 
cation is based їз an improvomeut in devices 
of this particular class, and has primarily as 
its object the production of a cireuit-cou- 
troller іп жей an independently-mounted 
terminal operated in a similar manner by a 
rotating body of conducting fluid may be in- 
25 closed within a gas-tight receptacle. 

‘The invention comprises features of con- 
steuetion by which this object is practically 
secured and certain improvements applicablo 
to this and other analogous dovices, as will bo 
moro fully hereinafter set forth. 

Tn thoaccompanyiug drawings, Figure 
vertical central section of tho improvod 
cuit-coniroller, and Fig. 2 a top plan view of 
tho валло with the top or cover of tho recep- 
35 tacle removed. 

‘Tho operative portions of the circuit-con- 
trolling mechanism are contained in a closed 
cylindrical receptacle A, of iron or steel, 
mounted on a spindlo B їп n suitable socket 
or support C to permit it to bo freely and rap- 
idly rotated. "he socket С is secured to or 
foru:s a part of а baso or stand D. 

а means of producing the proper rota- 
tion of the receptacle A, Ihave shown a field- 
magnet E, mounted on or secured to the baso 
D, and an armature, supported bya bracket 
Grom the under side of the receptacle A. 

вш alsocarriesa sories of com- 
mutator - segments If, upon which bear 
о brashes I, these parts being arranged tocon. 
stitute ап olectrowagnetic motor with sta- 
nery field amd rotating armature. It may 
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be stated that any other suitable means may 


bo employed to rotate the receptacle and tho 
fluid. ЖЕ”, 
In the spindle B and concentric with its 


ille J in bearings specially con- 
structed to reduce f order that tho 
spindle J may be аз little as possible influ- 
enced by the rotation of the main spindloand 
receptacle carried thereby. A suitable pro- 
vision is mado to oppose or prevent the rota- 
tion of the spiudlo J during the rotation of 
the receptacle. have devised for this ppr- 
poso the following: % 

‘The spindle 13 is held by its bearings at an 
angle to the vertical and weight K isseeured 
eccentrically to the spindle Jand fendsto hold 
thosaid spindle nlwaysin one position. Tho 
inclination of thoaxesof rotation neccssary Гог 
this result may be substantially that. shown 
aud should uot bo materially greater, for tho: 
reason that it is especially advantagcons to 
preserve the spindles and bearings as nearly 
аз practicable vertical on account of lesser 
friction and easier lubrication. 

Attached to the spindle J or weight К isan 
insulated bracket Р, carrying a standard or 
Socket M, in which is mounted on antifriction- 
bearingsa spindle М. Secured to this latter 
is a plate with radial arms О, from which de- 
pend vanes or blades P, with projections Q 
extending radially therefrom. А shield or 
screen Kt incloses the vanes, except on the 
sido adjacent to the inner periphery of the 
receptacle A. 

A small quantity of a conducting fluid S is 
placed in the receptacle, nud in order to s0- 
сағоа good electrical connection betweon Шо 
vaues P and a terminal on the outside of the 
receptacle a small mercury-cup T, in metalli 
contact with the vaues through tho bracket 
1, and socket М, is secured to the woight К. 
А motal stud V, sot in an insulated bolt W, 
projects into the сир T through a packed 
openingin itscover. One terminal of the cir- 
cuit-controlling mechanista will thus bo any 
part of tho metal receptaclo and the other 
tho insulated bolt W. ‘The apparatus may bo 
connected up in circuit by connecting tho 
wires of the cireuit to а brush X, bearing on 
the bolt W, and toa biuding-post Y in contact 
with the baso D. 

‘To operate the apparatus, tha receptacle Is 
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sot in rotation, and as its speed increases the 
mercury or other conducting 1014 which it 
contains is carried by centrifugal force up the 
sides of tho inner wall, over which it spreads 
ina layer. When this layer rises sufficiently 
to encounter the projections 0 on the blades 
or vanes P, the latter are set in rapid rotation, 
and the electrical connection between the ter- 
minal of the apparatus is thereby made and 
Ъгокоп, it may be, with very great rapidity. 

Tho projections Q are preferably placed at 
different heights on the vanes P, so as to se- 
curo greater certainty of good contact with 
tho mercury film whon in rapid rotation. 

As to tho forms of the circuit-controller 
horetofore roferred to and upon which my 
present invention is an improvement the 
Vlades or vanes Р may be regarded in a broad 
sense as typical of any device—such, for ex- 
amplo, as à stelliform disk—which will boset 
and maintained in rotation by that of tho re- 
ceptacle. So, also, having regard to tho fea- 
ture of my invention which provides for 
maintaining such a devico in operation in а 
receptacle which may bo hermetically scalod, 
во ns to bo capable of containing an inort me 
dium undor рговзиго in which the makes and 
Uroaks occur and which medium is practi- 
cally essential to а long-continued and eco- 
nomical operation of the dovice, I may em- 
ploy other and widoly-differont means for op- 
Posing or proventing tho rotation of the part 
‘carrying such vanes in the direction of the 
rotation of tho receptacle and fluid. 

Having now described my invention, what 
Telain is— 

1. A cireuit-controller comprising, in com- 
bination, a closed ‘recoptaclo containing a 
fluid, means Гог rotating the recoptaclo, a sup- 
port mounted within tho rocoptaclo, moans 

'or opposing or proventing its movement in 
the direction of rotation of tho recoptacle, 
and а conductor carried by said support aud 
adapted to make and broak clectric connec- 
tion with the receptacle through tho fluid, as 
sot forth. 


2, A circuit-controller comprising, in com- 
bination, a terminal capablo of rotation and 
formed or provided with radiating contacts, 
а closed receptacle containing а flnid which 
constitutes the opposite terminal, means for 
rotating the receptacle, a support therein for 
the rotating termical, and means for oppos- 
ing or preventing the rotation of the support 
in the direction of the rotation of the recep- 55 
tacle, as set forth. ` 

3. In a circuit-controller, the combination 
with а receptacle capable of rotation about 
an axis inclined to the vertical and contain- 
ing a fluid which constitutes one torminal, а бо 
second terminal mounted within the 
tacle, on а support capable of free rotation 
relatively to the receptaclo, and a weight ec- 
centric to tho axis of rotation of the support 
for sald terminal for opposing or preventing 6s 
its movement in tho direction of the rotation 
of the said receptacle, as set forth. 

4. The combination with а rece 
mounted to revolvo about an axis inclined to 
the vertical, of a spindle within tho recop- 70 
tacle and concentric with its axis, a weight 
eccentric to the spindle, and a torminal car-, 

ied by the said spindle, and adapted to be 
rotated by в body of conducting fluid cou- 
tained in the receptaclo when the latter 18 75 
rotated, аз set forth. 

5. The combination with а receptacle 
mounted to rotate about an axis inclined to 
tho vertical, a spindle within tho receptacle 
and concentric with ita axis, a weighted arm 80 
attached to said spindle, a bracket or arm 
also secured to said spindle, a rotary terminal 
with radiating contact arms or vanes mount- 
ed on said bracket in position to be rotated 
by a body of conducting fluid contained in 8e 
said receptacle whon said fluid is displaced 
Uy centrifugal action, as sot forth. 
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To alt whom it may concern. 
De it known that 1, NIKOLA TESLA, of tho 
borough of Manhattan, in thecity, county, and 
State of New York, have invented certain new 

5 and useful.Improvements in Cireuit-Control- 
lors, of which the following is a specification, 
reference being had to tbe drawing accompa: 

nying and forming a part of the sanie. 

In previons applications filed by me, nota- 

to bly in Serial No. 600,518, filed December 2, 
1897, and others, I have shown and described 
various forms of electric-éireuit controllers 

h a conducting fluid is used for one or 
both of the terminals. These contrivances, 

15 while applicable generally asa means of mak- 
ing and breaking an electric circuit with 
great rapidity, were devised by me more espe- 
cially for use in my now well-known system of 
electrical conversion by menus of condensor- 

зо dischargos and for this reason havo beon do- 
signed with especial reference to tho peculiar 
and excoptional conditions which obtain in 
auch systems. Му prosent invention is an 
improvemont in cireuit-controllors of this 

25 kind, and in order that the objectand nature 
of the improvement may be more readily un- 
derstood and appreciated I may refor briefly 

to the more essential characteristics of the 
devices described before upon which the 

зо presentimprovementisbased. Ав it was pri- 
marily ossontial that these controllers be са. 
pable of making and breaking tho circuit at 
а very rapid rato and as such a result could 
not be secured practically or economically by 
35 any of the ordinary devices employing rigid 
contacts or terminals I was led to invent ap- 
paratus in which the cireuit connections were 
established and broken between a rigid ter- 
minal and a fluid conductor or between two 
fluid conductorsin the form of jotsorstroams. 
1а the forms of apparatus employing а rigid 
ог solid conductor as one terminal and a fluid 
дз the other the makes and breaks of course 
occuralways between asolid and a fluid termi. 
45 nal,and although the operative parts of my 
improved cireuit-controllers were usually con- 
tained in air or gas tight receptacles and in 
ап inert medium, both for the purpose of i 
proving their action and preventing deterio- 
59 ration of the terminals, there is still a 
bility to wear of tho rigid or solid terminal. 
Under certain conditions, as when tho сіг- 


4o 


cuit-controller is operated from a source of 
direct current, the deterioration of tho solid 
terminal may be matorially reduced by con- 5 
necting it to tho negative pole of the Бепо 
ator. Nevertheless, thoro will bo always а 
slow wearing away of the metal, which.to 
overcome entirely in а novel manner із the 
object of my present improvement. To do 6o 
this, I effect tlicclosuroof the circuit through 
pro parts of conducting fluid; but instead ot 

bi ‘ing thecircuit by the movement of thes 
two parts or terminals, as before, I separate. 
them periodically by tho interposition of an 65 
insulator which is preferably solid and re- 
fractory. For example, I provide a plafó or 
disk with teeth or projections—proferably of 
glass, lava, or the like—which are caused by 
the rotation of the disk to pass through the зо 
fluid conductor, jot, or whatever it may bo, 
and thus effect А mako and break of tho cir- 
cuit. 

Ву meansofsuch adovicotho broaks always 
occur between fluid terminals, and hencó do- 75 
torioration and consequent impairment of tho 
qualities of tho apparatus nro avoided. 

А preforred form of my improved circuit- 
controller is illustrated in tho accompanying 
drawing, which shows a central vertical sec- 8o 
tion of the same. 

The two terminals are contained in an ai 
tight receptacle А, of iron or steel, which is 
mounted on a spindle B in a suitable sockot 
orsupportC,soastorotatefrecly. Thesockot 85 
Cissccured to or forms part of a hase or stand 
D. Any suitable means may bo employed for 
‘offecting tho rotation of tho receptacle, and 
in illustration of aconvonient and practicable 
means for this purposo I have shown an ar- 90 
maturo E, secured to a cylindrical exteusion 
of the receptacle that surrounds the socket 
С, and а field-magnet F, which is supported 
independently and is stationary. Tho arma- 
tnre-coils aro connected with tho segments S 95 
of а commutator on which bear brushes б. 

In the spindle Band concentric with its axis 
is a spindle II, supported on ball-bearings or 
otherwise arranged to havo а free movement 
of rotation relatively to tho spindle D, so аз 100 
to be as little as possible influenced by tho 
rotation of tho latter. 

Any convonient means із” provided to ор: 
pose ог prevent tho rotation of tho spindlo Н 
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during the rotation of the receptacle. In the 
particular arrangement here shown for this 
purpose a weight or weighted arm J is secured 
to the spindle H and eccentrically to the axis 
of the latter, and as the bearing for the spin- 
dle B bolds 
tical this wei s hy gravity to hold the 
spindle II stationary. 

Secured to the top or cover of the recepta- 
clo А by a stud К, which passes through an 
insulatiog-bushing in said cover and is held 
фу a nut L, is a circular disk M, of conduet- 
pg material, preferably iron or steel, having 
its ейде turned downwardly and then in- 
wardly to provide a peripheral trough on the 
under side of the disk. 

To tho under side of the djsk M is secured. 
a second disk N, having domhwardly-inclined 
peripheral projections О Ого( insulating and 
preferably refractory materiag, in a circle con- 
centric with the disk M. 

‘A tube or duet P is mounted on the spindle 
П or the weight J and is so arranged that the 
orificeat one end is directed outwardly toward 
the trough of tbe disk M, while the other lies 
close to Ше inner peripheral wall of the re- 
ceptacle, во that if a quantity of mercury or 
other conducting fluid be placed in the recep- 
tacle and the latter rotated the tube or duct 
P, being held stationary, will take up the uid 
which is earried by centrifugal actson up the 
side of the receptacle ard deliver it in a stream 
ог jet agaiust the trough or flange of the disk 
Ñ or against the inner surfaces of the projec- 
tious of disk N, as the caso may be. 

Obviously, sinee the two disks М and N ro- 
tate with respect to the jet or stream of fluid 
issuing from the duet P, the electrical con- 
nection between the receptacle and the disk 
M through the fluid will be completed by the 
jet when tho latter passes to the disk M be- 
tween the projections О and will be inter- 
rupted whenever the jet is intercepted by the 
said projections 

‘The rapidity and the relative duration of 
tho makes aud breaks is determined by the 
speed of rotation of the receptacle and the 
number aud width of the intercepting projec- 
tions О. 

By forming that portion of the disk M with 
which the jet makes contact as а trough, 
which will retain when in rotation a portion 
of the fluid directed against it, a very useful 
feature is secured. The fuid under the ac- 
tion of centrifugal force accumulates in aud 
is distributed along the trough and forms a 
Jayer over the surface upon which the jet im- 
pinges. Dy this means a very perfect соп. 
tact is always воситед and all deterioration 
of the terminal surfaces avoided. 

‘The principle of interrupting the circuit by 
intermittently passing an insulator through 
a fluid conductor may be carried ont by many 
specifically-different forms of apparatus, and 


in this respect I do not limit myself to the 6$ 
icular form herein shown. 

"What I elaim is— 

1. In an eleetrical-cireuit controller, tho 


other terminal, and directing it against said 
conductor, and a body adapted to be inter- 
mittently moved through and to intercept tho 
Jet or stream, as set forth. * 

2. In an electrical. 


oller, the 
of means 
for directing against sucl М a jet or 
stream of conducting fluid in electrical con- 
nal, and a body 80 
adapted to be intermittently moved through 

and tointercept the jet or stream, as sot forth, 

3. In an electrical-circuit controller, tho 
combination with a rigid terminal, of means 
for directing against such terminal a jet or 8 
streain of conducting fluid in electrical con- 
nection with tho other terminal, a body hav- 
ing a series of radial projections and means 
for rotating the same во that the said projec- 
tions will intermittently intercept the stream до 
ог jet, as set forth, 

4. Та a cireuit-controller, the combination , 
with а rotary conductor forming one termi- 
әзі, means for directing against such termi- 
па! а jet or stream of conducting fluid in elce- 95 
trical connection with the other terminal, and 
a body with spaced projections mounted to 
rotate in а path tbat intercepts the jet or 
stream of fluid, as set forth. 

5."In а circuit-coutroller, the combination 
with а rotary conductor forming one termi- 
nal, and means for directing intermittently 

ist such terminal a jet orstream of fluid 
electrical connection with the other termi- 
be part of said rotary conductor upon 
which the jet or stream impinges being formed 
во as to retain, by centrifugal force, a portion 
of the fluid directed against it, as set forth. 

б. ‘The combination of the receptacle, the 
conducting-disk secured within it, the insu- 
lated disk with 
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te 
ripheral projections and 
the stationary tube or duct for directing а 
stream ог jet of conducting fluid toward the 
conducting-disk aud across tho path of the 
Projections O, as set forth. 

7. The combination of the receptacle, the 
conducting. а peripheral trongh- 
shaped flange, the insulated disk with periph- 
eral projections О, aud Ше stationary tube ог 
duet for directing a stream or jet of conduct- 
ing fluid into the trough-shapcd flange of the 
couducting-disk and across the path of the 
projections О, as set forth. 


NIKOLA TESLA. 


15 


Witnesses: 
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To all whom it may concern: 
По it known that I, NIKOLA TESLA, of tho 
borough of Manhattan, in thecity, county,and 
State of Now York, have invented certain new 
and uséful.Improvements in Electrical-Cir- 
cuit Controllers, of which tho following is a 
pecification, reference being bad tothe draw- 
ing accompanying and forming part of the 
same. 
Tho present application is based upon im- 
provoments in olectrical-circuitvontrollers of 
tho kin heretofore invented by me and de- 
seribod іп provious applications, notably in 
ап Bpplicgtion fled December 2, 1897, Serial 
No. 600,518. Tho chief distinguishing fea- 
tures of théso devices are tho use of a con- 
ducting fluid for one or both of tho terminals 
under conditions which pormit ofa very rapid 
succession of makes and breaks and a con- 
struction or arrangement which Рома the 
inclosing of the terminals in an air-tight ro- 
ceptaclo in which an inert medium may bo 
maintained. Му efforts to meet tho practi- 
cal’ requiroments of apparatos of this kind 
havo led mo to adopt oxpedients and to in- 
vent mechanisms entirely novel in such de- 
vicos, For example, іп order to effect a rap- 
idly-interaittent contact between two tormi- 
паїв Ъу tho use of a jet or jets in a closed re- 
coptaclo. it is obviously necessary to employ 
special means which will operate to hold one 
part of the apparatus stationary while the 
‘other rotates or to rotate both tho essential 
parts or terminals in opposito directions ог, 
28 tho caso may bo, in the samo direction at 
ferent speeds. 
‘The present invention is ombodied in a de- 
vico for securing tho proper relative movo- 
mont of the two parts or terminals of the cir- 
cuit-coutrollor aud involves two salient f. 
turesof novelty, опо thatit provides for m: 
taining in а rotating roceptaclo a stationary 
jet or jets which by impinging on а rigid con- 
ductor maintain the latter in rotation, there- 
by securing thoroquisite rapidly-interattont 
contact between tho two, and tho other that it 
utilizes tho rotation of such rigid conductor 
аз а moans for opposing or preventing the 
movement of its own supports in tho 
tion of rotation of the receptacle, thoreby se- 
curing, among otber things,an approximately 
sonstant rolativo movement between tho 
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parts, a feature which in devices of this kind. 
is often very desirablo. 

In the drawing hereto annoxed I have illus- 55 
trated the preferred form of apparatus which 
Thavedevised forcarrying ont those improve- 
ments. The figure isa central vortical cross- 
section of a cireuit-controller. 

‘A designates a receptacle, usually of iron 6o 
or stocl aud mounted іп any suitable manner, 
as by trunnions D В, having bearings in 
Standards С C, so as to be сара of rapid 
rotation about a horizontal axis. 

Та tho particular form of devico under con- 65 
sideration the recoptaclo is divided into two 
parts insulated by a washer D and held’ to- 
gether by insulated bolte E with nuts F. 
"These two parts nre electrically connected, 
respectively, with the two terminals of the 70 
apparatus, as boreinafter described. and by 
means of brushes X Y, bearing ot any enit 
able points on the two parts of the receptacle, 
the circuit-controller is connected with tho 
wires of a circuit. 15 

Any convenient means may be omployed 
to rotate tho receptacle; but a simple way to 
effect this is to surround the samo with a 
fiold-magnet С and to make tho roceptaclo 
itself the armatureof an electric motor or во 
elso to secure to it armaturo-cores, лз И. 

А body L is supported by trannions J, hav- 
ing bearings in the ends of the receptaclo 
and concentric with the axis of rotation of 
tho ваше. Tho weight of tho body I boing 85 
eccentric to this axis tends to opposo its turn- 
ing about the axis when the recoptaclo is то 
ров tho bod 1b latod 

n tho ly or support ut insulated 
агыт, is secured a vertica: standard K, 90 
in which there isa freely-rotatable spindle L, 
carrying a disk М, with radial arms inclined 
to the plane of the disk, so as to form vanes 
N. Arms О Paro also secured to the body I 
and are formed with or carry at their ends 95 
ducts or tubes Q, with one end directed to- 
ward and opening upon the vanes М and the 
other end close to the inder wall of the ге, 
eeptacle and opening in the direction oppo- 
Sito to that of the rotation of the recoptaclo. 100 

A suitable quantity of mercury R is placed 
in the receptacle bofore tho latter is soalod or, 
closed. 

‘Tho operation of the devico is as follows: 
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Тһе receptaclo is started in rotation, and as 
it acquires a high velocity the mereury or 
other conducting fluid R is caused by centrif- 
ugal action to distribute itself ina layer over 

5 the inner peripheral surface of the receptacle. 
As the tubes or ducts Q do not take part iu 

tho rotation of the #010, being held at the 

start by tho weighted body I, they take up 
the mercury as soon as it is carried to the 
points where the ducts open and discharge it 
upon the vanes of thedisk М. Ву this means 
the disk is set in rapid rotation, establishing 
‘the contact between the two sides of the re- 
ceptacle which constitute tho two terminals 
of the circuit-controller whenever the two 
streams or jets of fluid are simultaneously in 
contact with the vanes, but breaking the соп- 
tact whenever tho jets discharge through the 
spaces betwen Шо vanes. Tho chief object 
of employing moro than ono insulated jet is 
to secure а highor velocity of approach and 
soparation, and in respect to the namber of 
jets thus employed the device may be ob- 
viously modified as desired without departure 
from the invention. Tho disk M, having ac- 
quired a very rapid rotation, operates to pre- 

Vont by gyrostatleaction any vendency of tho 

body T to rotate or oscillate, as such move- 

ment would change the plano of rotation of 
tho disk. ‘The movement of the parts, there- 

fore, and. the operation of the device as a 

wholo aro very steady and uniform, aud a ma- 

terial practical advantago is thereby secured. 

"Тћо speed of the disk will be chiefly depend- 

ent on tho velocity of the streams and pitch 

of tho blades, and it is of eourso necessary in 
order to produce a constant speed of rotation 
of the disk that the velocity of tho streams 
be constant, Thi accomplished by rotat- 
ing tho receptacle with a constant speed; but 
when this is impracticable and the uniformity 
of motion of the disk very desirablo I resort 
to special means to secure this result, as by 
providing overflowing-reservoirs V V, аз in- 
45 dicated by dotted lines, from which tho fluid 
issues upon the vanes with constant velocity, 
though the speed of the receptacle may vary 
between wide limits. 

Tt may bo stated that tho jets can bo рго- 
so duced in any other known ways and that they 
шау bo utilized їп any desired manner to pro- 
duco rotation of the disi 

Having now described my 

T claim is— 

1. he combination in а circuit-controller. 

h a closcd rotary receptacle, of a rigi 

ductor mounted within thosamo and through 

which the circuit is intormittently estab- 

lished, and means for directing a jetorstream 

бо ofa fluid which is contained in the receptacle, 

against tho said body 50 as to effoct its rota- 

fn independent. of tho receptacle, as set 
forth. 
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. In an electriccireuit coutroler,the com- 
bination of a closed rotary receptacle, a con- 
ducting body therein adapted to be rotated 
independently of tho recoptaclo by tho i 
pingement theres of a jet or stream of con- 
ducting fluid, atid Means for maintaining such 
а jot and directing it upon the said conduc- 
tor, as sot forth. 

3. Tn a cireuit-controller, tho combination 
with a rotary roceptaclo of a body or part 
mounted within the receptacle and concen- 
trically thorewith,a conducting-terminal sup- 
ported by said body and capablo of rotation 

in a plane at an anglo to the plano of rota- 

tion of the recoptacle so as to oppose, by gyro- 
static action, the rotation of the support, and. 
means for directing a jet of conducting fluid 
against the said terminal, as sot forth. 

4. In a eireuit-controller, the combination 
with а rotary receptacle of a support for a 
conductor mounted thereon concentrically 
with the receptacle and а gyrostatie disk car- 
ried by tho support and adapted, when rotat- 
ing, to oppose its movement in the direction 
of rotation of the receptacle, as set forth. 

5. In a cireuit-controller, the combination 
with a rotary receptacle containing a con- 
ducting fluid, a support mounted within tho 
receptacle, means for opposing or preventing 
its movement in tho direction of rotation of 
the receptacle, onc or more tubes or duets 
carried thereby and adapted to tako up tho 
finid from the rotating recoptacle and dis- 
chargo the same in jets or streains, and a соп. 
ductor mounted on tho support and adapted 
Хо о rotated by tho impingement thereon of 
said jet or jets, n3 sot forth. 

6. ‘Tho combination m'a cireuit-controlter 
of à rotary receptacle, ошо or moro tubes or 
ducts and a support therefor capablo of ro- 
tation independently of the receptacle, a con- 
ductor moaated on said support in a plane at 
ап anglo to that of rotation of tho receptacle, 
and adapted to be maintained in rotation by 
а jet of fluid taken up from tho receptacle by 
jad discharged upon I from the said tubo or 
duct, when the receptaclo is rotate 

7. "Tho combination with a rotary recopta- 
clo of опо or more Lubes or ducts, a holder or 
support therefor mounted on bearings within 
the recoptacle, which permit of a freo rola- 
tive rotation of said receptacle and holder, a 
disk with a bearing on the said holder and 
having its plano of rotation at an angle to 
that of the receptacle, tho disk being formed 
or provided with conducting- vanes, upon 
which a jet of conducting fluid, taken up by 
tho tubo or duct from the receptaclo when in 


rotation, is directed. 
NIKOLA TESLA. 


Witnesses: 
M. Lawson DYER, 
6. W. MARTLING. ` 
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SPECIFICATION forming part of Letters Patent No. 012,735, dated Novomber 8, 1808. 


Application Sted April 16, 1891 


To all whom it may concern: 

Bo it known that I, NIKOLA TESLA, resid- 
ing at Now York, in the county and State of 
Now York, havo’ invented сөгіліп now and 
useful Improvements іш Electrical - Circuit 
Controllers, of whith the following is a speci- 
fication, roforenco being bad to tho drawings 
accompanying and forming a part of the 
samo. 

Tn the clectrical system or combination of 
apparatüs for tho conversion of electrical en- 
“гру by meansof thedischarges of a condenser 

vented and herotoforo described by me tho 
ом employed for making end breaking the 
cloctrio circuit, though performing а subor- 
dinato function, ay. from tho peculiar con- 
ditions which exist bocome a highly important 
considoration, not only as regards their prac- 
ticability and durability, but also the econ- 
omy in tho operation of the system or appa- 
ratus. Of such importanco is this considor- 
ation that for the mostefticient and reliable op- 
oration of my said system:I have found it nec- 
Февлгу to devise special appliances for mak- 
ing and breaking the circuit which differ ma- 
torially in construction and mode of opora- 
tion from any previously-existing devices of 
this character of which I am aware. In tho 
forms of such apparatus which I have pro- 
ducod at least ono of tho terminals is а con- 
ducting fluid, whilo the othor is usually a solid 
conductor or sories of conductors, both being 
preferably inclosed in n gas-tight recoptaclo 
and brought by rotary movement into rap- 
idly intermittent contact. Ihave shown and 
described typical forms of stich circuit-con- 
trollers in applications Sorial No. 660,518, 
filed Decomber 2, 1897; Serial No. 639,297, 
filed June 3, 1897, and Serial No. 671,897, 
filed February 28, 1898. 

‘Tho invention, subjeet of my presont ap- 
plication, portains to apparatus of this class 
And involves cortain luprovements in tho 
construction and mode of operation of tho 
samo which havo primarily for their objoct 
tosccure a greater relative speed between the 
two terminals, whereby Шо periods of make- 
and-break, during which occurs the chief loss 
of energy, may bo materially shortened and 
also a highor frequency of current impulses 
secured. А brief consideration of tho forms 
ofcircuit-controllerof this general kind which 
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I havo heretofore shown and described will 
conduce to a better understandingof the prin- 
eiples followed іп the construction of tho ay 
paratus upon which ту present application 
is based and of the primary object which I 
have in view—to increase the relative spoed 
of the two terminals iu approaching and re- 
ceding from each other. бо 
In somo forms Gf tho circuit- controllors 
heretofore described by mo Lemploy a closod 
receptacle capablo of being maintainod in 
rapid rotation. Within this receptacle 
mounted a body Шо rotation of which is ro- 
tarded or prevonted and which carries a tubo 
ог duct which takes up a conducting fluid 
from the receptaclo when tho latter is rotated 
and directs tho ваја fluid agaiust а conductor 
or series of spaced conductor carried by tho 
rotating receptacle: This apparatus, whilo 
offective toa high degreoand possessing many 
advantages over previously-oxisting forms, is 
novertholess subject to сөгіліп limitations as 
to efficiency, having regard to tho speed at 
which the receptacle is rotatod, for not only 
may an undue loss of onergy rosult from ro» 
tating tho rocoptaclo, but also from tho un- 
necessarily-rapid movoment of tho conduct- 
ing fluid. With a view to improving tho ap- 80 
ratus in theso particulars I devised forms 
in which tho receptacle was stationary and 
tho intorior terminal conductor rotated, and 
by this means I reduced the mass and weight 
of tho moving parts. I also employed a de- 
vice in tho nature of a pump, which formed 
а part of tho cireuit-controlior proper and 
was operated by tho motor used for rotating 
tho conductor, and thus maintained a flow of 
conducting fluid from duets in tho recoptaclo 
against the rotating conductor with no greater 
speod than roquired for efficient operation, 
By such an apparatus it is not only possible 
10 securos higher relative spood botwoen the 
two torminals, but to do this with a smaller 
expondituro of mechanical energy. To still 
further increaso the relativo врсой of the 
terminals, I now provide for rotating each of 
the termiuals with respect to the othor, so 
that the rate of mutual contact is very greatly 
increased. 
Obviously various moatis may Бо omployed 
for rotating the conductors, or, in goneral, tho 
two essential parts which by their movement 
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produee a make and break; but in the an- 
nexed drawings! haveonly shown such forms 
of the apparatus as best illustrate the pres- 
ent improvement. 

ligure 1 is a central vertical section of а 
cireuit-controller comprising а conductor or 
series of conductors forming one terminal 
and means for maintaining a jet or jets of 
conducting fluid constituting the other ter- 
minal, which are arranged to be rotated in 
opposite directions. Fig. 2 is a similar view 
of а modified form of cirenit-eontroller. 

А designates а casting of cylindrical form 
within which is а standard or socket В, in 
which is mounted a vertical spindlo C, car- 
туй the cireuit-controlling mechanism. The 
suid mechanism is contained in a receptacle 
D, of iron or steel, the top or cover of which 

'omposed of an annular plate E and a cap 
or dome F, the latter being of insul 
terial or of a metalof comparatively hig 
cific resistance, such as German silver. 
receptacle D as a whole is made 
and any suitablo means. may be employ: 
10 effect its rotation, the particular devico 
shown for this purpose being an electromag- 
noticmotor,one cloment,G,of which issecured 
to the spindleC or receptacle Dami theotber, 
Ш, tothe box oreasoA. Within the recepta- 
clo D and secured to the topof the same, but 
insulated therefrom, is a circular conductor 
K, with downwardly-extending projections or 
teeth L. This conductor is maintained iu 
eloctrical connection with а plato М outsido 
of tho receptacle by means of screws or bolts 
N, passing through insulated gaskets in the 
top of the receptacle D. Within tho latter 
is a standard or socket О, in which is mount- 
ed a spindle P, concentric with theaxis of the 
recoptacle . 

‘Any suitablo means may be provided for 
rotating the spindle Р independently of the 
receptacle D; but for this purpose I again 
employ an electromagnetic motor, one ele- 
ment, Q, of which is secured to the spindle Р 
within tho receptacle D and the other, R, is 
secured to tho box A and surrounds the cap 
or domo F, within which is mounted tho ar- 
mature Q. 

Depending from thospindlo Por the arma- 
turo Q is a cylinder S, to which are secured 
arms TT tending radially therefrom and 
supporting short tubes or ducts V between 
tho peripheral walls of the receptaclo D and 
the series of teeth or projections L. 

Tho tubes V.have openings at one end іш 
close proximity to the inner wall of the госор- 
taclo D and turned in a directiou opposite to 
that in which tho lattor is designed to rotate 
апа at the other ond orifices which areadapt- 
ed to direct a stream or jot of fluid against 
the projections L. 

"Tooperate the apparatus, the receptacle D, 
into which asuitable quantity of conducting 
fluid, such as mercury, is first poured, and 
the spindlos P aro both setin rotation by their 
respective motors and in oppositedireetions. 


013,735 


By the rotation of receptacle D the conduct. 
ing fluid is carried by centrifugal forco up 
the sides or walls of the same and is taken пр 
by tljetubesorduets V and discharged against 
the rotating conductors L. If, thereforo, one 
termipalof the circuit becounected with any 
part of the receptacle Р or the metal portions 
Of the instrument in electrical connection 
therewith and the other terminal bo connect- 
са to the plate М, the circuit botween these 
terminals will be completed whenever a jet 
from one of the ducts V is discharged against 
one of the projections Land interrupted when 
the jets are discharged through the spaces 
between such projections. I havo indicated 
the necessary circuit connections by wires X 
and X’, connected, respectively, with a brush 
penri upon the cirvalar plato M, and a 
ing.post X", eet in the frame or casing A. 
- 2 a modified form of apparatus is 
shown and by means of which similar results 
areobtained. Та this device the top nd bot- 
tom A’ of tho receptacle aro motal platos, 
while tho cylindrical portion or sides A" is of 
insulating material, ench as porcelain. With- 
in tho receptacle and preferably integral with 
the side walls A" aro two annular troughs W 
МУ", which contain a conducting fluid В’, such 
asmercurs. Terminals С" passing through 
the bottom of the recoptaclo through insulat- 
ing and packed sleeves, afford a means of con- 
necting the mercury in tho two troughs with 
the conductors of tho circuit. Surrounding 
thatportion of thedovice in which tho troughs 
ЗУ МУ lio is а core D', wound with coils D” 
arranged in any suitable and well-known man- 
ner to produce, when energized by currents 
of different phase, a rotating magnetic боја 
in the spaco occupied by tho two bodies of 
mercury. To intensify tho action, a circular. 
laminated coro Е is placed within tho rocep- 
taclo. If by this or any other means tho, 
mercury is sot in motion and caused to flow 
around іп the troughs, aud if a conductor bo 
mounted in position 10 be rotated by the mor- 
cary, and when so rotated to make intermit- 
tent contact therewith, a circuit-controller 
may be obtained of novel and distinctive 
character пад capable of many useful appli- 
cations independently of the other features 
which are embodied in the complete devico 
wich silustrated, For tho present purpose 
I provido in the conter of the receptacle a 
socket in which is mounted a spindlo P^, car- 
rying a disk G’. Depending from said disk 
are arms H’, which afford bearings for a shaft 
К', supporting two star-shaped wheols 1/ 17, 
arranged to mako contact with the mercury 
in tho two troughs, respectively. "Tho shaft 
К' is mounted ia insulated bearings, so that 
when both wheels aro їп contact with mercury 
the circuit connecting the torminals С C' 
will beclosed. The disk G' carries an annu- 
lar core N’, which isadapted to bo maintained 
in rotation by а core О’ and coils О", sup- 
ported outside of the receptacle and profer- 
ably of the samo character as thoso usod for 
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imparting rotation to the mercury; but the 


Having now described my invention, what 20 


direction of rotation should be opposite to | I claim in— 


thatof the mercury. The rate of rotation of 
the wheels L' L” depends upon the rate of 
relative movement of the mercury, and hence 
if the mercury be caused to flow in one direc- 
tion and tho wheels be carried bodily in the 
opposite direction the rate of rotation, and 
consequently the frequency of the makes and 
breaks, will bo very greatly increased over 
that which would be obtained if the wheels 
1/1/ were supported in a stationary bearing. 

It is obvious that by means of devices of 
the character described a rapid interruption 
of the circuit may be effected, while all the 
practical advantages which may bo derived 
from inclosing the terminals ог contacts in а 
closed receptacle are readily realized to the 
fullost oxtent. 


1. In a cirenit-controller, the combination 
with rigid and fluid conductors adapted to be 
brought intermittently into contact with each 
other, thereby making and breaking the elec- 25 
trie eireuit, of means for imparting rotary 
motion to both of said conductors, as set forth. 

3. In a circuit-controller, the combination 
with a receptacle containing a conducting 
fluid, means for imparting a movement of ro- 30 
tation to the fluid, and a condnetor adapted 
to bo rotated by the movement of ваја fluid . 
and to thereby make and break electric con- 
nection with the fluid, as set forth. 

NIKOLA ‘TESLA, 
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M. LAWSON DYER, 
G. W. Макмако. 
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To all whom it may concern: 
Веле known that I, NIKOLA TESLA, а citi 

zen of the United States, rosiding at the bor- 
ough of Manhattan, in the city of New York, 

5 county and Stateof New York, havoinvented 
сөгіліп now and useful Improvements in Ap- 
paratus for tho Transmission of Electrical 
Enorgy, of which the following is a specifica- 
tion, reforenco being had to the drawing ac- 
companying aud forming а part of tho samo. 

‘Thia nppliention is a division of an applica: 
tion filed by me on Septeinber 2, 1897, Serial 
No. 650,343, entitled “Systems of trausmis 
‘slons of electrical energy,” and is based upon 
now and useful featuros aud combinations of 
Apparatus shown and described in said appli- 
eatlon for carrying out tho method therein 

losed and claimed. 

"Tho invention which forms the subject of 
my present application comprises a traneunit. 
tiag сой or conductor in which electrical eu: 
venia or oscillations are produced aud which 
is arranged to cause such currents or oscilla- 
tions to be propagated by conduction through 
thenataral modium from one point to another 
remote therofrom and a receiving coil or con- 
ductor At such distant point adapted to be ex- 
cited by the oscillations or currents propa- 
gated from tho trnusmitter, 

‘This apparatus is shown in the accompany- 
ing drawing, which is a diagrammatic Шов. 
tration of tho ваше. 

А is n coil, дфзегаПу of many turns and of 
a very large dinmoter, wound in spiral form 
either about а magnetic core or not, һа may 

lesirod. С is а second coil formed by 
conductor of much larger size and smaller 
length Wound aronnd and in proximity to the 
coil A. 

The apparatus at'one poiat is used аза. 
transmitter, tho coil A in this case constitat- 
ing a bigh-tonsion, secondary, and the coil С 
the primary, of much lowor tension, of a trans- 
former. Tu thocirenit of the primary C is in- 
cluded a suitablo sourco of current G. Ове 
terminal of tbe socondary A is at the center 
of tho spiral coil, and from tùis termioal the 
current is led by а conductor В to a terminal 
D, preferably of large surfaco, formed ог 

tained by such means as a balloon at an 
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elevation suitable for the purposes or vans- 
| mission. "The other terminal of thesecondary 

А is connected to earth, and, if dosired, to 
the primary also, in order that tho lattor may 
bo at substantially the same potential as tho 55 


transformer of 
ployed; but in t 
stitutes the primary, and tho shorter coil C 
thesecondary, of the transformer. In thocir- 
cuit of the lattor are connoctod lamps Г, ma- 
tors M, or other devices for utilizing tho cur- 
rent. ‘Theslevated terminal D' connects with 
the center of the coil A’, and tho other ter. 
minal of said eoll is contyctod to carth and 
preferably, also, to the coil С' for tho reasons 
рото stated. 

‘Tho loogtk of the thin wiro coil in onch 
transformer should bo approximately ono- 
quarter of the wavo length of tho cloctric dis- 
turbance in the circuit, this oatimato boing 
Based on tho velocity of propagation of tho 

isturbanco through the coil itself and the 
circuit with which it is designed to be used. 
By way af illustration, if tho rate at which 
the current travoraes the circuit including 
the сой be one hundred and eighty-five thou- 
tand miles per second then я frequency of 
nioo hundred and twenty-five por second 
‘would maintaia ning hundred and twonty-fiyo 
stationary moves in a circuit ono hundred 
nd elghiy-five thousand miles long and each 
wave would be two hundred miles in longth. 

ог such a low frequency, which wonld bo 85 
resorted to only whou it is fadiapensable for 
tlie operation of motors of the ordianry kind 
under the conditions above assumed, I would 
usea secondary of fifty miles in loogth. Ву 
such an adjustment ог proportioning of the 
length of wire in tbe secondary сой or coils 
the points of bighest potential aro mado to 
coincide with the elevated torminals D D', 
And it should be understood that whatever 
length bo given to the wires this fequiremont. 
should be complied with in order tovobtsin 
the best results. 

Tt will bo readily understood that hon the 
above-prescribed relations oxist the bost con: 
1 ditions for resonance botwoen the transmit. see 
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jng and receiving eireulta are attained, and 
owing to the tact that thé points of highest po 
tential in the coils or conductors A А” are 
coincident with the elovated terminals the 
5 maximum flow of current will take place ia 
the two coils, and this, further, necessarily 
implies that the capacity and inductance in 
each of the circuits have such values as to 
securo the most perfect condition of synchro- 

10 nism with the impressed oscillations. 

When the source of current G is ia opera- 
‘tion and produces rapidly pulsating or oscil- 
lating curreata in the circuit of coil C, cor- 
responding induced currents of тегу much 

1$ higher potential are generated in tho socond- 
ary coil A, and sincetho potential in the same 
gradually increases with the number of turns 
toward tho contor and the difference of poton- 
tal betwoon the adjacent turns is compara- 

20 tively small a very high potential impractica- 
ble with ordinary coils шву be successively 
obtained. 

As tho main object for which tho apparatus 
is designod is to produce a current of excess- 

2g ivoly-high potontial, this object is facilitated 
by using a primary current of very consid- 
erablo frequency; but the frequency of. the 
currents is in a largo moasure arbitrary, for 
И the poténtial be sufficiently high aod.tho 

3o terminals of the coils be maintained at tbe 
proper elevation where the atmosphero is 
тагедед the stratum of air will serve as a соп. 
ducting medium for tho current produced 
‘ud the lattor will be transmittod throngh the 

35 air, with, it may be, even less resistance than 
through an ordinary conductor 

‘As to tho elevation of the terminals D D’, it 
is obvious that this is a matter which will be 
determined by a number of things, as by the! 

4» amount and quality of the work to bo por- 
formed, by the condition of the atmosphere, 
and also by the charactor of tho surrounding! 
country. Thus if thero bo high mountalas| 
in the vicinity the terminals should be at а 

45 greater hoight, and generally they should al- 
ways boat an altitude much greater than that| 
of tho highest objécts near thom. Since by 
tho moans described practically any potential 
that is desired may be produced, the currents 

бө through theair strata may be very small, thus 
reducing the loss in the air. 

‘The apparatus at tho recoiving-station ro- 
sponds to the currents propagated from tho! 
transmitter in а manaer which will bo well 

55 understood from the foregoing description. 
‘Tho primary cireult of the receiver—that 
the thin wire coll A'—la excited by tho сш 
renta propagated by conduction trough the 
intervening natural medium from tho trans- 

ба mittor, and these currents induce in the soc- 
ondary сой С” other currents which aro otil- 
ized for-oporatiog the devices included in the! 
circuit theroof. 

Obviously tho receiviug-coils, transform- 

65 ога, or other apparatus may bs movablo—as, 
for instance, when they are carried by a ves- 


ле] floating in the air or bya ship at вел. Iu 


the former case tho connection of ono termi- 
nal of the receiving apparatus to the gronod 
might not be permanent, but might bo inter- 
mittently or inductively established without 
departing from the spirit of my invention. 

It is to be noted that the phenomonon here 
involved in the transmission of electrical en- 
ergy is one of true conduction and is not to 
ђе confounded with the phenomena of elec- 
trical radiation which have heretofore been 
obseryed and which from the very naturoand 
mode of propagation wonld render practically. 
impossible the transmission of any appro- 
c ount of energy to such distances ле 
are of practical importance. 

What I now claim as my invention is— 

1. Thecombination witha transmitting coil 
ог condnetor connected to ground and to an. 
elevated terminal respectively, and means for 
producing therein electrical currents or oscil- 

lations, of a receiving coil or conductor simi- 

larly connected to ground nnd toan elevate 
terminal, at a distance from tbe transmit» 
ting-coil and adapted to be excited Ly cur- 
zonis caused to bo propagated from tho samo 
by conduction through the intorvoning nat- 
ural medium, a secondary conductor in in- 
ductive relation to the receiving-conductor 
and devices for utilizing tho current in tho 
circuit of said secondary conductor, ns sot 
forth. 

2. Thecombination withatransmitting coil 
or conductor having its сойз connected to 
ground and to an elevated terminal respec- 
tively, a primary сой in inductivo relation 
thereto and a source of oloctrical oscillations 
in said primary circuit, of a roceiving conduc- 
tor or coil havingits ends connccted to ground 
and to an elevated terminal respectively and 
adapted to be excited by currents caused to 
be propagated from the transmitter through 
the natural medium and а secondary circuit 
in inductive rolation to the receiving-circuit 
and recoiviog devices connected therewith, 
аз eot forth. 

3. Thecombii 


ion with a transmitting 10- 
strument comprising a transformer baring ite 
secondary connected to ground and to an elo- 
vated terminal respectively, and means for 
impressing electrical oscillations пров jte pri- 
mary, of à receiving instrument comprising 
» transformer baving ita primary similarly 
connected to ground and to co elevated ter- 
minal, and a trouslating device connected 
with its secondary, the capacity and indnet- 
anco of the two transformers having such 
values as to secure synchronism with ti 
pressed ово а Пола, as set forth. 

4. The combination witha transmitting io- 
strument comprising an electrical trans- 
former living {ts eecondary connoctod tc 
ground and to an elevated terminal respec- 
tively, and means for lupressing electrical 
oscillations npon its primary, of в receiving 
instroment comprising а transformer having 
ita primary similarly connected to ground 
end to an elevated terminal, and a translat- 
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ing devico connected with its secondary, (һө 

capacity and inductance of the socondary of 

tho transmitting and primary of the receiv- 

ing instruments baving such values as to se- 

5 cure synchronism with the impressed oscilla- 
tions, as set forth. 

5. ‘Thecombination with a transmitting сой 
or conductor connected to ground afd an ele- 
vated terminal respectively, and means for 

to producing electrical eurreais or oscillations 
in the same, of a recelviug coil or conductor 
similarly connected to ground and to an ele- 
vated term(nal and synchronized with the 
transmitting coil or conductor, as sct forth. 

es 6. Tho combination with a transmitting in- 
strament comprising an oloctrical trans- 
former, having its secondary connected to 
groun. vated terminal respec- 
tivoly, of a receiving instrument comprising 

10 a transformer, having its primary elmilarly 
connected to ground and to an elevated ter- 
minal, the rocelving-coil being synchronized 
with that of tho transmitter, as set forth. 

7. Thocombipation with atransmitting coil 

25 or conductor connected to ground and to an 
elevated terminal respectively, and means for 
roducing clectrical currents or oscillations 

in tho same, of a receiving сой or conductor 
similarly. connected to ground and to an ele- 
зо vated terininal, the said coil or coils having 
а length oqual to one-quarter of tho wavo 


length of tho disturbance propagated, as set 
forth. 

8. Thecombinauon witha transmitting coll 
or conductor connected to ground and 
elevated terminal respectively, and adapted 
to cause the propagation of curronts or oscil- 
lations by couduction through the natural 
‘medium, of в receiving-cirenlt similarly con- 
nected to ground and to an elevated termi- 
nal, and of a capacity and inductance such 
that its period of vibration is the samo as that 
of the transmitter, as set forth. 

9. The transmitting or receiving circuit 
Berein described, connected to ground and 
an elevated terminal respectively, and ai 
ranged ја such manner that thoolovated tor- 
minal is cl to the maximum potential 
developed ia теши, as set forth. 

10. The combioation with a transmitting ṣo 
coil or conductor connected to ground and to 
ted terminal respectlvely of a rocoiv- 
ait having a period of vibration cor- 
nding to tbatof the transmitting-circuit, 
and similarly connected to ground and to an 55 

lovated terminal and so arranged that the - 
elevated terminal is charged to the highest, 
Potential developed in the circuit, ns set forth. 

ANIKOLÀ TESLA. 
Witnesses: 


PARKER W. PAGE, 
MARCELLUS DAILEY. t 
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To all whom it may concern: 
Beit known that I, NIKQLA TESLA, a citizen 

of the United States, residing at New York, 
in the county and State of New York, lave 

5 іпуешей a new and useful Improvement in 

Methods of Iotensifyiog and Utilizing Edects 
‘Transmitted Through the Natoral Media, of 
which the following Is a specification, refer- 
ence being had to the accompanying draw- 
ings, which form a part of the same. 

The subject of my present invention із au 
improvement іа the art of utilizing effects 
transmitted from a distance to a receiviug 
device through tho natural media; and it con- 
sists їо а novel method by тесоз of which 
rognitsbitherto unattainable may be eocured. 

Soveral ways or methods of transmitting 
electrical disturbances through the natoral 
media and utilizing thoi to operate distant 
тоё тога pro now known and bavo been ap- 
А with more ог loss success for accomplish- 
ng а variety of useful results. Onoof these 
ways consisto із producing by a suitable ap- 
paratua rays or radiations--tbat is, distarb- 
aáces--wbicb are propagated io straight lines 
thrvagh space, directing them upon a receiv- 

ig оғ recording apparatus at а distance, and 

ereby bringing tbo lattor Joto action. “This 
method is the oldest aud bost known and bas 
been brought particularly "into prominence 
іп recent years through the investigations of 
Heinrich Hertz. Another method consists in 
passing л current through a circuit, prefer- 
ably ono inclosing a very largo area, induclo; 
thoreby in a similar circuit situated at » di 
tance another current and affecting by th 
same in any convenient way а receiving d 
vice. Still another way, which has also боо 
known for many years, is to pass in avy snit- 
able manner a current throngh a portion of 
the groond, as by connecting to two points 
of the same, preferably at a considorable dis- 
‘tance from each other, the two terminals of & 
gonerator and to energize by a part of tho c 
rent diffased through the earth з distant cii 
cuit which is si rly arranged and ground- 
ed at two points widely apart and which is 
made toact upon a sensitive receiver. These 
various methods bave their limitations, one 
so especially, which is common toall, being that 

„tho receiving circait or instrument must be 

maintaiped in o dofivite position with respect 
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to tho transmittiog apparatas, which often 
imposes great disadvantages проп tho uso of 
the apparatus. 

In several epplications filed by mo and pat- 
ents granted to me I have disclosed other 
methods of ассо: ishing resalta cf. nae 
tore, which may be briefly deseribod яз fol- 
lows: In one system the potential of л point 
or region of the enrth is varied by imparting 
to intermittent or altornating eicctrifica- 
tions through ono of tho terminals of a suit- 
able sourco of electrical disturbances which 
to belghten the effect, has Ив other terminal 
connected to an ineuiatod body, proferably 
of 1м surfaco and st an elevation. Tho 
clectriGcations communicated to tho earth 
spread in all diroctions through the samo, 
reachivg a distant circuit which generally 
bas its terminals arranged and convected 
similarly to those of the transwitting source 
and operates upon a highly-sensitive recoi vei 
Another method is based upon the fact that 
the atmospheric air which behaves ns ao ex- 
collent insulator to carrents generated by or- 
divary apparatus becomes я conductor under 
the influence of currents or impulses of enor- 
mously-high olectromotive force which 1 bavo 
devised, moans for, generating. By euch 
means air strata, which are onsily accessiblo, 
are rendered available for tho production of 
many desired effects at distances, howevor 
great. This motbod, fozthermore, allows ad- 
vantage to bo taken of many of thoso im- 
provements which are practicablo in tho or- 
divary systoms of transmission involving the 
сво of a metallic conductor. 

Obviously whatever method be employod 
it fs desirable that the disturbances produced 
by the transmitting apparatus should bo ns 
powerful as possible, and by the use of cer- 
tain forms of high-frequency apparatus which. 
I bave dovisod and which aro now well known 
important practical ndvautages aro in this re- 
spect песогой. Furthermore, since in most 
cases tho awount of energy conveyed to the 
distant circuit is but a minute fraction cf the 
total energy etwanating (гош the source it is 
necossary for the attainment of the best ro- 
sults that whatever the character of the re- 
nature of the disturbances as 

possible of the energy conveyed 
should be mado &vailablo for the operation 
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of tho receiver, and with this object іш 
I have heretofore amoog other means em- 
ployed a roceiviog.circuit of high self-indac- 
ion and very small resistance and of в 
riod such as to vibrate in syochronism with 
tho disturbances, whoreby а number of вор 
arate impulses from the source were made to 
cobperate, thus magnifying the effect exerted 
upon and insoring the action of the receiv- 
ing device, Ву these means decided advan- 
tugos have been secured in many inStances; 
hut very often the improvement is either not 
npplicable at all or, if so, the gala is very 
slight. Evidently when the sonree is ono pro- 
ducing a continuous pressure or deliveriog 
impulses of long duration it is tmpracticable 
to magnify tho effects in this manger sod 
when, on the other hand, it is ove furnishiog 
chort impulses of extreme rapidity of succes- 
Нов the advantage obtained a (bis way i 
insignificant, owing to tho radiation and tbe 
unavoidablo frictional wasto in the recelviog- 
circuit These losses redace greatly both Ше 
Inteusity and tho number of the cooperative 
impulsos, and since the Initial ioteusity of 
each of theso is necessarily limited only aa 
losigoidenat amount of energy is thos made 
available for a single operation of the receiver. 
As this amount is consequently dependent on 
tho euergy conveyed to the receiver by ове 
single impulse it ts evidently necessary to 
employ either n very large and costly, вой 
theroforo objectioanble, transmitter or else to 
Fesort to tho equally objectionable ase of а 
receiving device too delicato вод too easily 
deranged. Furthermore, tbe energy obtained 
through the coöperation of the Impulse is in 
tho form of extremely rapid vibrations aad, 
because of this, nusuitable for tb 
of ordinary receivers, the more во a 
of energy imposes narrow restrictions io re- 
zard to the mode and (іше of its application 
хо onch devices. 

‘To overcome these and other limitations 
and disadvantages which Бато heretofore ox- 
isted in such aystoms of traosmisslon of aig- 
uals or latelligeoce із tbe main object of my 
Present inveution, which comprises novel 
inethod of accomplisbing these ends. 

‘The method, brieBy sinted, consista lo pro- 
ducing arbitrarily-varied or intermittent dis- 
turbances or effects, transmitting such dis- 
turbauces or offects ibroogb tba vataral me- 
dia to а distant receiving-station, uulliziog 
energy derived from euch disturbances or ef- 
focts at the receiving-station to charge a con- 
denser, aad using the accamalated potential 
pergy so obtained to operate а receiving de- 
vice. › 

Ао apparatus by means of which this 

thod may be practiced is illustrated in 
the drawings bereto annexed, із which— 

Figure 1 Ва diagrammatio illastration of 
tho xpparatus, and Fig. 2is а modifed form 

gemeot of the same. 
practical application of my method 
I usually proceed ав follows: At any two 
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о the transmitting mediam betwoen 
which there osists or may be obtained in апу 
manner through tbe action of the disturb- , 
ances or effects to be investigated or utilized 

a difference of electrical potential of any mag: 
nitude I arrango two platos ог electrodes «n 
that they шау be oppositely charged throngh 
tho agency of sucb effects or disturbances, 75 
дай I connect these electrodos to tho termi: 
nals of а bighly-losulated condenser, gener- 
ally of considerable capacity. To tho eon- 
denser-terminals I also connect tho гессі 

to be operated in sorios with a device of s 
able construction, which porforms the fane- 
Чоп of periodically dlsebarsiog tho condonsor 
ibroogh the receivor at and during such [0- 
tervals of time as may be beat suitable for 

the purpose ccutemplated. This device may 85 
merely consist of two stationary eloctrodes 
separated Dy a feebledielectriclayorof minnto 
thickness orit may compriso terminals one 

ог шого of which are movable and nctaated 

by any suitable force und aro adapted to be 9e 
brought iato and out of contact with cach 
other iu доу convenient manner. t will соз 

be readily seen that if the disturbances of 
wbatever nature thoy may bo eauso definito 
amounts of electricity of tboenmosign to bo 95 
conveyed to cach of the plates or eloctrodes 
above mentianod, either continuously or at 
intervalsof time which areeufliciently long, 
condenser will be charged to a certain po- 
tential, nnd во Adequate amount of energy 10° 
being thus stored during the Ише determined 

by the device effecting tho dischargo of tho 
condenser the recciver will be periodically 
rated by tho electrical energy во accama- 

led; but very often the character of the Im- 10; 
polses and the conditionsof their uso nro such 
that witbout further provision not enoogh 
potential enorgy would be accomulatèd in the 
condenser to oporate the receiving device. 

This is the case when, for example, each of 11^ 
the plates or terminals receives electricity of 
rapidly-changiog sign or eren whoo each ro- 
qeives electricity of the same sizo, but only 
daring periods which are short n» compare 
witb the intervals separating them. In such», 
instances I resort to the nso of n epectal do- 
vice which I tn»eri in the circuit betwoon 
the plates and theeondeaser for tbe ро! 

of conveyiog to eaeb of tbe terminals of tbe 
latter electrical charges of the proper qual- 120 
ity aod acer of succession to eanblo tho ro- 
quired awountof potential energy to bo stored. 
itr the condenser. 

‘are a number of well-kaowo dovices, 
hout avy moving parte or tormiuals 
th elements reciprocated or rotated by 
tbe application of a suitable forco, which of- 
fer a more ready passage to Ивројвоз of one 
siga or directien than to those of Фе other, 
ог permit only impulses of ono kiñd or оғо? 130 
of succession to traverse a path, aud'any of 
these or similar dovices capablo of faldlling 

[be requirements may bo used in carrying my- 
invention into practice.’ Ono such device об 
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familiar construction which will servo to 
convey a clear understanding of this part of 
my invention and evable a person skilled io 
rt to apply the same is illustrated in 
Gratings: Ttconsists of a cylin- 

of insulatiog material, whicb is moved 
ata uniform rate of speed by clockwork or 
other suitable motive power aud is provided 
а] rings В В”, ороп which bear 
а and а, which aro connected, re- 
spectively, ia the manner shown to the ter- 
mioal plates P and P’, above referred to. 
From the rings B В' extend narrow metallic 
egments з and s, which by rotation of 
the cylinder A are brought alternately into 
contact with donble brushes b and b’, carried 
by and in contact with condactiog-bolders А 
and №, which adju: longitudinally 
{о the metallic supports D and О’, as shown. 
The latter are connected to the terminals T 
aod T" of в condenser C, ава itshonld be un- 
derstood that they are capable of angolar 
displacement, as ordinary brush supporte. 
‘Tho object of using two brusbes, as b and b's 
{о each of the holders А and ЈУ is to vary at 
‘will the duration of the electriceontact of the 
plates P and P’ with the terminals Taod Т”, 
to which is connected a recelving-cireuit io- 
собора receiver В and a device d of tbe 
kind referred to, which performs tbe. 
duty of closing the recelving-cireoit at pre- 
determined intervals of time and discharging 
the stored energy tbrongb tbe receiver. lo 
the present caso this dorico consists of a eyl- 
indor d; mado partly of conducting and partly 
of iosolating material e and е, respectively, 
which is rotated at the desired rate of speed 
bDyanysuitablemeans. Tbe conducting part 
егіз in good electrical coonectioo with the 
shaft S and is provided with tapering seg- 
menta f f, upon which slides a brusb k, вор. 
ported on а conductiog-rod 1, capable of lon- 
gitodinal adjustment io а metallic snpport 
т. Another brash n is arranged to bear 
D tho shaft 'S, and it will be seeu that 
whenever ono of tlie segments f comes in con- 
tact with the brush X the circuit, includlog. 
the receiver R, із completed and the <оп- 
«ерле. ischarged through the sar 


remain open or closed during 
of time ns may be desired. Tbe plates Pand 
P^, through which the electrifications are con- 


in tbe ground and the other із the air, pref- 
erably at some beigbt, or they may be con- 
nected to conductors extending to some dis- 
tance or to the terminals of апу kind of ap- 
paratus supplying electrical energy which is 
obtained from the energy of the impulses or 
disturbances trabsmitled from a distanco 
*broogh tho natural media. 
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In illustration of. the operation of tl 
vices described let it be assumed that al 
nating electrica! impulses from я distant ge 
erator, as G, are transmitted throngh the 
earth and that it is desired to utilize those 
impulses {а accordance with my method. 
‘This may be the case, for example, when such 
а generator is used for purposes of signaling 
іп one of the ways before enumerated, as by 
having its terminals connected to (то pol 
of the earth distant from each other. Tu this 
case the plates P and P'.are first connected 
to two properly-selected points of the earth. 
The speed of rotation of the cylinder A із 
varied until it is made to tura їо synchro- 
nism with the alter impulses of the gen- 

rator,and,Goally, the position of tbe brushes 
band b' is adjosted by angular displacement, 
as usual, or їо other ways, so tbat they are 
in contact with the segments s and s' during 
the periods when the {mpclses are at or near 
the waximom of thelr intensity, Only ordi- 
пагу electrical skill and knowledge are ге. 
quired to make these adjastmonis, nod A 
number of devices for effoctiog synchronous 
movement being well known, acd it being 
the chief object of wy present application to 
set forth a novel method of utilizing or ap- 
РУДЕ ^ principle, a detailed deseription of 
‘such devices is not considered necessary. 
may state, bowerer, that for practical pur- 
10 the present case it is only necessary 
to shift tbe brushes forward or back until the 
maximum effect is кесогей. Tho abovo re- 
qoirements being fulfilled, electrical charges 
of the same sigo will be conveyed to each of 
the condenser-terminals as the cylinder A is 
rotated, and with each fresh impulse the con- 
deoser will be charged toa higher potential. 
Tbo speed of rotation of tho cyliuder d bo- 
ing adjustable at will, the energy of avy num- 
ber of separate iupulses шау thas be асса. 
molated іо potentia! form and discharged 
through the receiver R ороп the bruel 
comiug io contact with ono of tho Segments 
f. It will be of course understood that the 


inary 
Since by this 
ly great amount of energy 
and in a suitable form may be made avail- 
able for the operation of a recoiver, tbe latter 
need not be very sensitive;. but of course 
‘when the impulses are very feeble, as when 
coming from а great distance or when it is 
desired to operato a receiver very rapidly, 
thea any of the well-knówn devices capablo 
of responding to very feeble influences шау 
be used іп this connectio: 

If instead of tbe alternating impulses short 
impulees of the same direction are coureyed 
to the plates P and P’, the apparatus 
scribed may still readily be used, and for this 
purpose it is merely necessary to 
brashes b and 07 into the position 
by the dotted lines while maintai 
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same conditions in regard to synchronism 
before, so that the succeeding impulsos will 
be permitted to pass into the condenser, bnt. 
prevented from returning to the ground or 
transmitting medium during the intervals 
between them, owing to the interruption dur- 
ing euch intervals of the connections leading 
from the condenser-terminals to the plates. 

Another чау of using the apparatus with 
impulses of the sume direetion is to take off 
one pair of brushes, as 5, disconnect the plate 
P from brush а and join it directly to tho ter- 
minal T of the condenser, and to conuect 
brush a with brush a’. ‘Tbe apparatus thus 
modified would appear as shown in Fig. 2. 
Operated in this manner and assuming tl 
speed of rotation of cylinder A to be the same, 
the apparatus will now bo evidently adapted 
for a number of impulses per anit of time 
twice as great as in the precoding caso. In 
all casos it ія evidently important to adjust. 
‘the duration of contact of segments s aud 5 
with brushes 0 1; їо the manner indicated. 

When the method and apparatus I havo de- 
scribed are used in connection with the trans- 
mission of-signals or intelligence, it will of 
course be understood that tho t 
operated in such n way as to produce distur 
ances or effects which are varied or laterroit- 
tod in some arbitrary manuer—for example, 
to produce longer and shorter successions of 
impulses corresponding tothe dashes and dots 
of the Morse alphabet—and the receiving de 
vice will respond to and indicate these 
tions or latermittonces, since the storage d 
vico will be charged and discharged a number 
of times correaponding to the duration of the 
successions of impulsos received. 

Obviously tho special appliances used in 
carrying oat my Invention may be varied in 
many ways withont departing from the spirit. 
of the same. 

It із to be observed that it 15 the function 
of the cylindor A, with its brushes abd con- 
noctious, to render the elootrical impulses 
coming from the plates P and P' suitable for 
charging the condenser (assuming thera to be 
unsuitable for this purpose in the form іп 
which they are received) by rectifying-them 
when they are originally altornatiog ia direc- 
tion or by selecting such parts of them as 
are suitable when all are not, and any other 
dovice performing this fonction will obvi- 
ously аозжог the purpose. It is also evident 
that a devico such as I Бато already referred 
to which offers а more ready passage to im- 
pulses of one sigo or permits only impulses of 
the ваше sign to pass may also be used to 
perform this selective fanction in many cases 
when alternating impulses are received. 
When the impulses are long and ап of the 
same diroction, and even when they are al- 
ternating, but sufficlontly long in duration 
and sustained in electromotive force, the 
brashes b and b' may bo adjusted so as to 
bear on the parts 2 B' of the cylinder A, or 
the cylinder вод Из brushes may be omitted 
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and the terminals of thecondonse: connected 
directly to the plates P and P’. 

It will be seen that by tho uso of my in- 
vention results hitherto unattainable in util- 
izing disturbances ог effects transmitted 
through natural media may bo readily at- 
tained, since however great the distauco of 
such transmission and however feeble or at- 
tenuated the impulses received enough on- 
ergy may be accumulated from them by stor- 
ing up tho enorgy of succeeding impulses for 
a sufficient interval of time to render the sud- 
don liberation of it highly effective in operat- 
inga receiver. In this way receivers of n va- 
ricty of forms may be made to respond offect- 
ively to impulses too foeblo to be detected or 
to be made to produce any sensible effoct in 
any other way of which I am aware, 
ot great value in various applications to prac- 
Чел! uso. 

Tdonotelai herein an apparatus by moana 
of which the above-described method 18 or 
may bo practiced either in the special form 
herein shown or in othor forms which aro 
possible, baving mado claims to such appa: 
таша in another application, Serial No. 
729,812, filed September 8, 1890, as о 
of tho present case. 95 

What I claim as шу invention, and desire 
to secure by Letters Patont, is— 

1. The method of transmitting and utiliz- 
ing eleotrical energy horein described, which 
consists in producing arbitrarily varied or In- 
termitted electrical disturbances or effects, 
transmitting the same to а distaut receiving: 
station, charging, for succeoding aud prede- 
terminod periods of timo а condensor with 
energy derived from such effects or distarb- 
злоба, aud operating » receiving device by 
discharging at arbitrary intorvale, the accu- 
mulated potential energy so obtained, as set 
forth. 

2. The method of transmitting and utiliz- 
ing electrical energy berein deseribed, which 
consista in producing electrica! disturbances 
оғ affects capable of boing transmitted to 
distance through tha natural media, charge 
ing a condenser at a distant roceiving-station 
with energy derived from such effocts or dis- 
turbances, and using for periods of time, pro- 
determined as to succession and duration, 
the potential energy во obtained to oporato а. 
recelving device. 

3. The method of trausuitüng and ntlliz- 
ing electrical energy herein deseribed, which 
consists in producing electrical disturbances 
or effects capable of being transmitted toa 
distafice through tho natural media, charg- 
ioga condenser at a distant receiving-station 
for succeeding and predetermined perlods of 
timo, with energy derived from such offocts 
or disturbances, and using for poriods of time 
predetermined as to soccession and duration, 
the accumalated onergy so obtaiued to oper- 
ato a recciving device. 

4. The method hereinbefore described of 
producing arbitrarily varied or Intermitted 
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electrical disturbances or effects, transmit- 

ting such disturbances or effects through 

the natural media to a distant receiving-sta- 

tion, storing in a condouser energy derived 
5 from a succession of, such disturbances or ef- 
fects for poriods of timo which correspond in 
впесеваїоп tosuch effects or disturbances and 
aro predetermined as to duration, and using 
the accumulated potential energy во obtain 
to operate a receiving device. 

5. The method herein described of produc- 
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects throngh tho natural 
15 media to а distant receiving-station, estab- 

lishing thereby a flow of electrical energy in 
^ circuit at such station, charging а con- 
donser with enorgy from ‘such circuit, and 
using tho accumulated potential energy во 
obtained to operate a receiving device. 

6. Tho method herein described of produc: 
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects through the natural 
media to a distant receiving-station, estab- 
lishing theroby a flow of electrical onorgy in 
^ circuit at such station, charging a con- 
denser with electrical energy from sach cir- 
cuit, and discharging tho accumelated poton- 
tial energy во obtained into or through a re- 
сортов dovico at arbitrary intervals of time. 

7. ‘Tho method herein described of produe: 
Sg arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
35 disturbances or effects to a distant receiving- 
station, establishing thereby а flow of elec- 
trical energy iu л circuit at such station, ве- 
lecting or directing tho impulses in said cir- 
«cuit во as to render them suitable for charg- 
log а coudenser, charging a condenser wit! 
the irapulses so selected or directed, and dis- 
charging tho accumulated potential energy 
во obtained into, or through a receiving do- 
vice. 

8. Tho method berein described bf produe- 
ing arbitrarily varied orintermitted electrical 
disturbances or offects, transmitting such 

Aisturbances or effects through the nataral 
media to a distant receiving-station, estab- 
зо lishing theroby a flow of electrical onorgy 10 
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а circuit at such station, selecting or direct: 
ing the impnlses in sald circuit во as to ren- 
der them suitablo for charging a condenser, 
charging a condenser with the impulsos so 
selected or directed, and discharging tho ac- 
cumulated potential energy so obtained into, 
or through a receiving device at arbitrary in- 
tervals of time. 

8. The method hereinbefore described of 
transmitting signals or intelligence, which 

з in producing at tho seuding:station 
arbitrarily varied orintermitted disturbances 
or effects, transmitting euch disturbances 
ог effects through the natural media to a ro- 
ceiving-station, utilizing.energy derived from 
such disturbances or effects at the recoiving- 

tion to charge л condenser and using tho 
'umolated potential energy so objained te 
operate в receiving device. 

10. Tho method hereiubeforo described of 
transmitting signals or iutelligenco through 
the natural media from a sending-station to 
в rocolving-station, whictt consists in produc- 
iog at the sending-station, arbitrarily varied 
or intermitted electrical effects or disturb- 
nuces, transmitting the ваше through the nat- 
ural media to the receiving-station, utilizing 
tho energy derived from such disturbances ог 
effects at the receiving-station to chargo а 
condenser, und discharging tho accumulated Во 
potentirl enorgy so obtained through a ro- 
ceiving dovice at arbitrary intervals of time. 

„11. Tho method hereinbofore described of 
transmitting sigoals or intelligence from a 
sending to a distant receiving station, which 85 
Consists in producing at the formon Arbitra- 
rily varied or intermitted electrical distorb- 
ances or effocts, transmitting the same to the 
recoiving-station, charging by the energy do- 
rived from such disturbances or effocts at the 90 
receiving-station a condenser, and using for 
periods of time predetermined as to succes- 
sion and duration, the potential energy во 
obtained to operate a receiving dovice, asset 

forth. 
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To all whom it may concern. 

Boitkuown that I, NIKOLA ТЕЗА, a citizen 
at tho United States, residing at Now York 
gits, in the county and State of New York, 
invented а uew and useful Improvement 
fa Methods of Uuliziog Ете Transmit 
ted (тош а Distance to a Receiving Device 
Through tho Natural Media, of which the fol- 
lowing is a specification, reference being had 
to tho accompanying drawings, which form n 
part of tho same. 

Tho subject of my present invention із an 
improvement in the art of utilizing effects 
transmitted from a distance to a receiving de- 
vico throngh the natural media; and it con- 
sists in a novol method hereinafter described. 

My invention is particularly useful in cou- 
nection with methods and apparatus for op- 
erating distant receiving devices by means of 
electrienl disturbances produced by proper 
transmitters and conveyed to such recelving 
doviees through tho natural media; but it 
obviously bas a wider rango of applicability 
кой may be employed, for example, in the in- 
vestigation or utilization of terrestrial, solar, 
or other disturbances produced by ваша! 
canses. 

Soveral ways or methods of trausmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 
receivers aro now known and have been Ap- 
plied with more or less success for accom- 
plishing a variety of useful results. One of 
these ways consists in producing by a 
AUlenpparntus rays or radiations- that is, dis- 
turbances— which are propagated in straight 
lines throngh space, directing them upon a ro- 
ceiving or recording apparatus at a distance, 
and thereby bringing the latter into nction. 
‘This method is the oldest and best known 
nnd has been brought particalarly into promi- 
попсе in recent years throngh tho investiga- 
tions of Heinrich Hertz. Another method 
consists iu passing a current through a cir- 
cuit, preferably ono inclosing л very largo 
area, inducing thereby in а similar circuit 
situated nt n distance another current and 
affecting by the «ame iu апу convenient way 
a receiving device. Still another way, which 
hasalso been known for mauy years, is to pass 
in any suitable manner a current through я 
portion of tho ground, as by connecting (о био 
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points of the same, preferably nt а consider. 
Ablo distance from exch other, the two tor- 
minals of а generator And to energize by n. 
partof the current diffused through the earth 
а distant cirenit, which із similarly arranged 
and grounded at wo points widely apart and 
which is made to act upon a sensitive receiver. 
‘Theso various methods һауе their limitations, 
ono especially, which is common to all, being 
that Ше receiving circuit or instrument mnst 
be maintained in a defioito position with re- 
spect to the transmitting apparatus, which 
often imposes great disadvantages upon the 
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methods of accomplishing results of this na 
ture wbich may be briefly described as fol. 
lows: Та ono system tho potential of a point. 
ог region of the earth is varied by imparting 
to it intermittent or alternating electzifica- 
tions throngh one of the terminals of a euit- 
able sonrce of electrical disturbances, which 
to heighton the effect bus its other terminal 
connected to au insnlated body, preferably 
of large surfaco and at an elevation. ‘The 
electrifientions communicated to the earth 
spread in all directions through the sam 
reaching а distant cireait, which generally 
bas its terminals arranged and connected 
similarly to those of the transmitti 
and operates upon a highly-sens! 
Another method is based upon tho fact that 
the atmospheric air,which behaves as an ox- 
cellent insulator to currents generated by or- 
dioary apparatus, becomes a conductor un- 
der tho influence of curreuts or impulses of 
enormously bigh electromotive fofco which I 
bave devised means for generating. By such 
menos it strata,which aro easily accossib! 
го rendered available for tho production 
пашу desired effects at distances however 
great. This method, furthermore, allowed 
Advantage to be taken of many of those іш 
provements which are practicable in tho or 
nary systems of transmission involving the 
uso of a metallic conductor. 

Obviously whatever ufethod bo employed 
itis desirable that tbe disturbances produced 
by the transmitting apparatus should bo as 
powerful ns possible, and by tho uso of co 
tain fornsof high-froquency apparatus whicb 
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I have devised and whicharecow well known 
important practical advantages are in this 
respect secured. Furthermore,sinceia most 
casos the amourt of energy conveyed to the 
distant eirenit is bata minute fraction of the 
total energy emanating from the sourco it is 
necessary for the attainment of the best re- 
аці that whatever the character of tho re- 
ceiver and the nature of the distarbancesas 
much as possible of the energy conveyed 
should be wade available for tae oporation 
of the receiver, end with this object ln view 
I have he etofore, among other means, em- 
ployed a receiving-circuit of bigh self-indue- 
tion and very small resistance and of a period 
such as to vibrate in synchronism with the 
disturbances, whereby a number of separate 
impulses froin tho source were made to co- 
oporate, thus. magnifying the effect exerted 
upon and insuring the action of the receiving 
device. By Шево means decided advantages 
have been secured ia many instances; but 
very often the improvemont fs either not ap- 
licable nt all, or if so tho gain is very slight. 
vidontly when the sourco is one producing 
a continuons pressuro or delivering impulses 
of long duration itis impracticable to magnify 
the effects іп this mannor, and when, on the 
other hand, itis one furnishing short impulses 
of extremo rapidity of euccosston the advan- 
tage obtained in this way is insignificant 
owing to the radiation and the anavoidabl 
frictional waste In the receiving - cireui 
‘Theso losses rod uco greatly both the intensity 
and the number of the cooperative impulses, 
nad sinco the initial intensity of each of those 
is necessnrily limited only an insignificant 
amount of energy is thas made availablo for 
а singlo operation of the receiver. Аз this 
атола is consequently depoudent on tho en- 
ergy conveyed to'tho recelver by ono single 
impulso, it is evidently necessary to employ 
oither v very largo aod costly and therefore 
objecticnabie transuitter ог elso jo resbrt to 
the equally objectionable use of а receiving 
devico too delicate aud too ensily deranged. 
Furthermore, the energy obtaized through 
the coöperation of tho impulses is in the form 
of extremely-rapid vibrations ant! because of 
this unsuitable for the operation of ordinary 
receivers, the moro eo пе thia form of energy 
imposes narrow restrictions in regard to tho 
mode and time of its application to впеһ de- 
vices. To overcome these and other limita- 
tions and disadvantages that have heretofore 
existed іп such systems of transmission of 
signals or intolligence and to render possible 
ап investigation of impolses or disturbances 
propagated throngh the natural media from 
any kind of source and their practical ntili- 
zation for any purposo to which they are ap- 
plicablo, [have devised a novel method which 
I have described in a pending application 
filed June 24, 1899, Serial No. 721,790, and 
which, broadly stated, consists in ‘effecting 
during any desired timo interval a storage of 
energy derived from snch impulses and util- 
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izing the potential energy so obtained (ог op- 
erating в receiving device. 

My present invention is intended for tho 
samo general purposes, and it comprises а. 
modified method zad apparatus by шолов of 
which similar results may be obtained. 

The chief feature which distinguishes my 
present from my former invention just re- 
ferred to is that the onergy stored is not, as 
in the former instance, obtained from theen- 
ergy of the distur"ances or effects transmit- 
ted from a distance, bnt from an independent 
source. 

Expressed generally, my present method 
consists іш chargiog a storage device with en- 
ergy from an independent sourco controlling 
the chargiag of said devico by tbe netion of tho 
effects оғ disturbances transmitted through 
tho natural media and coincidentally uzing 
the stored energy for operating в recolving 
device. 

‘A groat variety of disturbances produced 
either by suitably-constracted transmitters 
or by natora! causes aro at present known to 
be propagated through'tho umtüral media, 
and thoro aro also а varioty of means or де" 
vices enabling energy to Be stored, and in 

iew of this I wish to say that I conaldor the 
utilization of any such disturbances and the 
employment of any of these means as withii 
the scopo, of my present invention so long a 
tho use of the general method hereinbefore 
stated is involved. 

‘Tho bost way of carrying out my invoution 
which I at present know is to storo electrical 
energy obtained from a auitablo eloctrical 
generator in а condenser and to control tho 
storage or the application of this ouergy by 
moans of a sensitivo dovice acted upon by 
the offectn or disturbances, and thereby causo 
the operation of the rece: 

Tn the practical applicetion of this method 
І usually proceed as follows: At any point 
bere I desiro to investigate or to utilizo for 
y isturbances propa- 
РАЈ ral media {гош any 
kind of source I providea suitablo generator 
of electricity—as, for example, а batteryand 
а condenser—which I connect to the polos of 
the generator in series with a sensitive do- 
vicecapableof boing modified in itsclectrical 
rosistance or other property by the'action of 
the disturbances emitted from the source. 
To the terminals of the condenser I connect 
the receiver which is to be operated in series 
with another device of suitable construetion 
which performs the function of periodically 
discharging the condenser through the re- 
er at and during such intervals of time 
тау bo best suitable for the purposo con- 
‘This latter device may merely 
consist of twostatiouary electrodes separated 
by a feeble dielectric layer of minute thick- 
ness, but ouffciont to greatly reduce or prac- 
tically interrapt the current in the oirenit. 
under normal conditions, or it may compriso 
terminals ono or more of walch are movable 
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and actuated by any suitable force and are 

adapted to be brought into and out of con- 

tact with each other in азу convenient man- 

Ber. The sensitive device may beany of the 
5 many devices of this kind wbich are known 

һе affected by tbe disturbances, impulses, 
or effects propagated through the media, and 
it may beof such a character that normally— 
that is, when not acted upou—it entirely pre- 
vents tho passage of electricity from the gen- 
erator to the condenser, or it may be such 
that it allows a gradual leaking through of 
the current aud a charging of the condenser 
at а slow rate. In any case it will be seen 
that if the distarbances, of whatever nature 
they may be, cause an appreciable diminu- 
tlon in the electrical resistance of the sensi- 
tivo device the current from the battery will 
pass wore readily into the condenser, which 
Will bo charged at amorc rapid rate, and 
conseqoontly each of its disebarges through 
tho receiver, periodically effected by tho s 
cial dovice before referred to which perforias 
his function, will be stronger than nor 
mally—that is, when the sonsitive device i 
not acted upon by the disturbances. Evi- 
dently, thon, if tho receiver be so adjusted 
that ft doos бөй respond to the comparatively 
feoblo normal discharges of the condensor, if 
they should occur, but only to those stronger 
ones which take placo про the diminution 
of tho resistance of the sensitive device, it 
wili vo operated only when this devico isact- 
od upon by the disturbances, thus making it 
possible to investigate and to utilize the lat- 
tor for any desired purpose. 

‘Tho general principle underlying my in- 
vention and tho operation of the various 
devices used will be clearly understood by 
referonce to tho accompanying drawings, in 
which— ~ 

Figaro 1 is a diagram illustrating a typical 
arrangement of apparatus which may beused 
Ха carrying my їпөшой into practice, and 
Figs, 2,9, 4, and 5 similar diagrams of modi- 
fled arrangements of apparatus for the samo 
purpose. 

Та Fig. 1, Cis a condenser, to tho terminals 
Tand 77 of which io connected a charging- 
cirentt including n battery B, a sonsitive do- 
vico a, and а resistance т, all connected in 
sories, ns illustrated. Tho battery should be 
preferably of vory constant electromotive 
forceandofan intensity carefully determined 
to securo the best resnits. The resistance т, 
which may be a frictional or an inductivo 
one, is not absolutely necessary; bat it is of 
advantage to use it in order to facilitato ad- 
justmont, and for this purpose it may be made 
variable in any convenient and preferably 
continuous manner. Assuming that the dis- 
turbances which aro to bo investigated or util- 
ized for somo practical end aro rays identical 
with or resembling those of ordinary light, 
tho sonsitive devico a may be a selenium cell 
Propiriy prepared, во па to be highly suscep- 
tible to tho influenco of the rays, the action 
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of which should be intensified by tho пве о? 
з reflector A, shown in the drawings. It is 
well known that when cells of this kind are 
exposed to such rays of greatly-varying in- 
tensity thoy undergo corresponding niodifica- 
tions of their electrical resistance; bat in the 
ways they bave been heretofore nsed the; 
bave been of very limited ntility. In addi- 
tion to the circuit including the sensitive do- 
vice or cell а another circuit is provided, 
which is likewise connected to tho termins 
ТТ of the condenser. This cironit, which 
may be called the “reoeiving-cireuit,” in- 
clodes the reccivor Randin series with Ita do- 
vice d, before referred to, which perforws tho 
duty of ‘periodically disebarging the con 
doaser through the receiver. Ttwill Бе рова. 
that, as shown in Fig. 1, the recoiving-cirealt 
is in permanont connection with the battery 
‘and condenser terminal T, and it shonld bo 
Stated that it is sometimes desirable to e 
tirely insulate the receiving-ctreuit at 
times excopt the momente when the device 
d operates to discbarge the condensor, thus 
preventing any disturbing inflnenco which 
might otherwise bo caused ia this circuit by 
the battery or the condenser during the pe- 
riod when the receiver should. not bo noted 95 
upon. In such л case two devices, as d, may 

bo used—one in each connection from ti 
condenser to tho receiving-cireult—orelseone 
single device of this kind, but of a suitably- 
modified construction, во that it will make 
aod break simultaneously and at propor in- 
tervals of thne both of the connections of 
this circuit with the condenser Т and T". 
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condenser, and hence the latter is charged at. 

too slow a rato to accumulate during the time 
interval betwoen two succeeding operations 
of tho device d sufficient energy to operate 
the receiver or, generally speaking, to pro- 
duce the required chango in the recelving-elr- 
cuit. ‘This condition is readily secured by 
proper selection and adjustment of tho vari- 
Опа devices described, во that the receiver 
will remain unresponsive to the feeble dis- 
charges of the condenser which may tako 
place when thecell a is acted upon but slightly 
or not at all by the rays or distorbances; but 
if now now rays are permitted to fall upon 
the cell or if tho intensity of thoso already 
acting upon it be increased by any cause thon 
its resistanco will be diminished and tho con- 
Genser will be charged by the battery at a. 
mote rapid rate, enabling sufficiont polontíal 
energy to be stored in the condenser during 
the period of inaction of the device d to op- 
erato the recoiver or to bring about any d 
sired change in the reeoiving-cireuit whon tho 
devico d acts. H the rays acting upon the 
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а аге varied or inter- 
mitted in any arbitrary 'manner, as when 
transmitting intelligence in the usual way 
from a distant station by means of short and 

$ long signals, the apparatus may readily be 

made to record or to enable an operator to 
read the message, sinco the receiver, sup- 
posing it to be an ordioary magnetic relay, 
for example, will be operated by each signal 
from tho secding-station a certain unwber of 
times baving some relation to the duration 
of each signal. Te will bo readily seen, how- 
ever, that if the rays are varied in any other 
way, as by impressing upon them changes 

15 in intensity, tbe succeeding condenser dis- 

charges will undergo corresponding changes 
iu intensity, which may be indicated or Te- 
corded by a suitable receiver and distin- 
guished irrespectively of duration. 

io © With reference to Fig. 1, it шау be useful 

tostate that the electrical connections of the 
various devices illustrated may be made in 
many different ways. For instance, tbo seo- 
sitive device: instead’ of being in serios, as 
shown, may bà in a shunt to the condenser, 

this modification being illustrated in Fig. 3, 

in which the devices alrendy described aro 

indicated bysimilarletters to correspond with 
those of Fig. 1. Та this case it will be ob- 
served that the condenser which is being 
charged from the battory D through the resist- 
ance r, preferably indnetive and properly 
lated to the capacity of the condenser, wi 
store loss energy hon the sensitive device а 
35 is energized by tho rays and Из resistance 
thereby diminished. he adjustmeatof the 
Various instraments may then be such that 
the receiver will bo operated ouly when tho 
rays are diminished in intensity orinterrnpt- 
tirely prevented from falling upon 
vo coll, or the sensitivo devico may 
bo placed, as shown іп Fig. 4, in 
the resistanco ror inserted in ару suitable 
way in the circuit containing the receiver— 
for example, as illustrated in Fig. 5—in both 

of which figures the various devices a 

tered tocorrespond with thosein Fig. 1, sotbat 

the figures become self-explanatory. ‘Again, 
the soveral instruments may be connected in 
the manner of a W heatstono bridge, as will bo 

hereinafter explained with referenco to Fig. 2, 

orotherwise connected or related; bat in each 

ease the sensitivo dovico will have tho samo 
duty to perform—that is, to control the en- 

55 ergy stored and utilized in вото suitable way 

for causing the operation of the receiver in 
correspondence with tho intermittences or 
variations of the effects or disturbances, and 
in ench instance by a judicious selection of 
the devices and careful adjustment the ad- 
vantages of my method may be more or less 
completely secured. I find it preferable, how- 
ever, to follow the plan which I bare Шаз- 
trated and described. 

65 it will be observed that the condenser is. 

importantelementiu thecombination. Ihave 
shown that by reason of its unique properties 
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it greatly adds to the efficacy of this method. 
It allows the energy accumulated in it to be 
discharged iustantaneously, and thorefore in 
ahighly-offectivemanner. ‘It magnifies in a 
large degree the current supplied from tho 
batiery,and owing to these features it permits 
energy to be stored and discharged at prac- 
tically any rate desired, and thereby makes 75 
it possiblo to obtain in ‘the receiving-cireuit 
vory great changes of the current strength by 
impressing upon the battery- current very 
small variations. Other means of storage 
possessing theso characteristics to а useful 
degree may be employed without departing 
from the broad spirit of my invention; but I 
prefer to use а condenser, since іп these ro- 
spects it excels any other storage device of 
which I have knowledge. 

In Fig. 2 а modified array, 
paratus is illustrated which is particular! 
Adapted for the investigation and utilization 
of very feeble impulses or disturbances, such 
аз may bo used in conveying signals or pro- go 
ducing other desired effects at very great dis- 
tances. In thiscaso the energy stored in the 
condenser is passed through the primary of n 
transformer the secondary circuit of which 
contains tbe receiver, and in order to render 95 
tho apparatus still more suitable for use in 
detecting feeble impulses in addition to tho- 
sensitivo device which is acted upon by the 
impulses another such device is included in 
thesecondary circuit of the transformer. Tho 100 
scheme of connections is in the main that of 
в Wheatstone bridge the four branches of 
which are formed by the sensitive device a 
and resistances L, L^, and L”, all of which 
should be preferably inductivo aud also ad- 105 

jastable іп a continuous manner or at lenat 
ју very small steps. ThocondenserC’, which 
is generally made of considerable capacity, 
counected to two opposite points of the 
bridge, while a battery B, in series with л по 
contintously-adjustable non-inductive resist- 
ance r’, is connected to the other pair of op- 
posite points, аа она, The four resistances 
neladed in the branches of the bridge— 
, L,L', and L"—are of a suitable 115 
tioned that under normal 
when the device a is not 
influenced at all or only slightly by the dis- 
tarbances—there will be no difference of ро: 
tentialorinanycasethe minimum of thesame 120 
at the terminals T and 77 of tbe condenser 
Ttisassumed in the present instanco that the 
disturbances to bs investiguted or utilized arg 
such as will producea difference of oleotrie po- 
tential, however small, between two points ur 125 
regious in the natural media—as the earth, 
tho water, or the air—and in order to apply 
this pàtential difference effectively to the sen- 
sitive device a the terminals of the samo are 
connected to twoplates Pand P',which should 130 
bo of as large a surface as practicable and во 
located in the media that the largest possiblo 
difference of potential will be ргойпсей by 
the disturbances between the terminals of 
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the sensitive device. This device is in the 
present case one of fantiliar construction, 
consisting of an insulating-tube, whieh is in- 
dicated by tho heavy lines in thedrawingsand 
5 which has its ends closed tightly by two con- 
ueting-plugs with reduced extensions, upon 
which bear two brushes Ù b, through which 
the currents аго conveyed tothe device. The 
tubnlar space between the plugs is partially 
filled with a conducting sensitive powder, ns 
indicated, the proper amount of the same 
and the size of ita grains being determined 
ted beforehand by experiment. 
T rotate by clockwork or other 
means аба uniform and suitable rate of 
speed, and under these conditions I йшй that 
this dovice bebaves toward disturbances of 
tho kind before assumed ina manner simi- 
Tar to that of astationary cell of celeniam to- 
ward rays of light. Its electrical resistance 
1а diminished when itis acted upon by the 
disturbances and is automatically restored 
upon the cedsation of their influence, It is 
of advantage to employ round grains of pow- 
as der in the tube, and fa апу event itis im- 
portant that they should be of as uniform 
size под shape as possible aud that provision 
should be made for maintaining an uncbang- 
ing and very dry atmosphere in the tube. То 
tho terminals T and T" of tho condonser C is 
connected л coll p, usually consisting of 
few turns of a conductor of vory small resist- 
Anco, which is the primary of tho transformer 
boforo reforred to, in serles with a device d, 
which effects tho discharge of the condense: 
through the coil p at. predetermined inte 
vals of time, Тп the prosent сазо this devico 
consists of л cylinder mado partly of cor 
ducting and partly of insulating material 
and е, respectively, which is rotated at the 
dosired rate of speed by any suitable moans, 
The conducting parte is in good electrical 
connection with shaft S and 18 provided with 
tapering segments, ns f, upon which slides а 
45 brush k, which should preforably be capable 
of longitudinal adjustment along the cylin- 
der. Another brush 0, which is connected 
to the condenser-termibal Т, being arran; 
to bear upon the shaft S, it will be seen that 
whenever the brush k comes in contact with 
а conducting-segmont f the circuit including 
the primary p will be completed and the con- 
denser, if energized, discharzed through the 
same. ' Dy an adjustment of the speed of ro- 
55 tation of the cylinder and a displacement of 
the brush К along the axis of the same the cir- 
cuit may bo made to open and close in ns rapid 
succession and remaiu open or closed during 
such intervals of titne аз may be desired. 
Tn inductive relation to the primary p is а 
secondary coil s, usually of much thinner wire 
and of many moro turas than the former, to 
vhich аге connected in a. 
(illustrated аз an ordinary magnetic relay,) 
65 в continuonsly-adjustable non-induetive re- 
sistanco 7”, а battery В’ of в properly deter- 
mined and vory constant electromotive foros, 
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and finally a sensitive device а! of the same 
or similar construction asa, which is likewise 
rotated at a uniform speed and which with its зо 
brushes Б” b” closes the secondary circuit. 
The electromotive force of the battery D' is 
во graduated by means of tho adjustable ro- 
sistance 7” that the dielectric layers in thé 
sensitive device a’ are strained very nearly 75 
to the point of breaking down and give way 
upon a slight increase of the electrical ргев- 
sure on the terminals of the device. It will 
of coarse be understood that tho resistance 
y” is used mainly because of conventenceand So 
that it may be disponsed with, ia which caso 
the adjustment may be effected in many other 
ways, as by determining tho proper amount 
or coarseness of the sonsitive powder or by 
varying the distanco apart of the metallic 
lugs iu theendsof thetube. ‘The same may 
said of the resistance т", which із in series. 
with tbe battery D and serves to graduate tho 
force of the latter, so that the dielectric lay- 
ers of the sensitive device а are subjected to 
A similar strain'and maintained In a state of 
сле poise. The various instruments bo- 
ing connected and adjusted in the manner do- 
scribed, it will now be readily seen from tho 
foregoing that under normal conditions, the 9$ 
device a being unaffected by the disturb- 
ances, or practically so, nnd there being no 
or only a very insigaificant amount of energy’ 
storod in tho condenser, the periodical elosnre 
of the primary circuit of the transformer 
through the operation of the device d will 
have no appreciable effect проп the primary 
сой p, and hence no currents will be gener- 
ated in tbe secondary сой s, at least not such 
аз would disturb the state of delicate balance 
existing in the secondary circuit including 
the receiver, and therefore the latter will not 
be actuated by tho battery B'; but when, 
owing to the disturbances or impnlses propa- 
gated through the media from a distant 
source,ap additional electromotive force, һо 
ever small, is created between the terminal 
of the device a the dielectric layers in the 
same, unable to support the increased strain, 
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120 
ing operations of the device d; each closure 
of tho primary circuit by tho latter results in 
the passage of ^.sodden current impulse 
through the coil p, which induces a corro- 
spondingenrrentof relatively higheleetromo- 
tive force in the secondary сой 8, Owing to 
this the dielectric in the device a’ gives way, 
‘and the currontof the battery В beingallowed 
to pass the receiver R is operated, but only 
fora moment, since by the rotation of the do- 
vices о, а, and d, which may be all driven 
from tho same shaft, the original conditio 
aro restored, assuming, of course, that the 
Gloctromotive force set up by thedisturbances 
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at the terminals of the sensitive device a is 

only momentary or of п duration not longer. 

than the timo of closure of the primary cir- 

cuit; otherwise the receiver will be actuated 
5 a number of times пий so long as the infin- 
ence of the disturbances upon the device a 
continnes. Tn order to render the discharged 
energy of the condenser moro effective in 
causing the operation of the receiver, the ro- 
sistance of tho primary circuit should be very 
small and the secondary сой s should havea 
number of turns many times greaterthan that 
the primary coil р. Jt will be noted that 
since the condenser under the above assump- 
tions is always charged in the каше direction 
the strongest current impulso in the second- 
ary coil, which is induced nt tho moment 
when the brush I: comes in contact with eg- 
ment f, is also of unchanging direction, and 
for the attainment of tho best resnits it is 
necessary to conuoct the secondary сой so 
that the électromotive forco of this impulse 
will bo ndded to that of tho battery and will 
momentarily strengthen thosame. Почоуег, 
under certain conditions, which are well un- 
derstood by those skilled in the art, the do- 
vices will operato whichover way the second- 
ary bo connected. [t {+ preferable to тако 
tho inductive resistances Т, and Т/ relatively 
large, пч they aro in a shunt to the device a 
nnd might if made ioo small impair lta son- 
sitiveness. Оп theother hand, the resistance 
L^ should not bo too largo and should bo re- 
Inted to tho capacity of the condenser and 
the number of makes aud broaks effected by 
the device 4 in well-known ways. Similar 
considerations apply, of course, tothecireuits 
including she primary pand secondary з, re- 
spostively. 

By carefully observing well-known rulesof 
scientific design and adjustment of tho in- 
struments the apparatus may be made ex- 
tromely sensitive and capable of responding 
to tho feeblest influences, thus making it pos- 
sible to utilize mpulsesor disturbances trans- 
mitted from very great distances and too fec- 
ble to be detected or utilized in any of the 
ways heretofore known, and on this account: 
the method here described lends itself to 
many scientific and practical uses of great 
value. Obvionsly the character of the do- 
vices nud the manner in which they are con- 
nevted or related may bo greatly varied with- 
out departing from the spirit of my inventian. 

What I claim as now, and desire to seenre 
by Letters Patent, is— 

1. Tho method hereinbefore described of 
utilizing effects or disturbances transmitted 
through tho natural media, which consists iu 
charging a storage dovies with energy from 
an independent source, controlling the charg- 
ing of said dovice by the action of the elects 
or disturbances, and coincidently using the 
stored energy for operating a receiving de- 
vice, 
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Tho method horeinbefore described of 
ing effects or disturbances transmitted 
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from adistant source, which consiste In charg- 
ing the storage device with electrical energy 
from an independent source, controlling the 3- 
charging of snid dovice by the action of the ef- 
fects or disturbances, and coincidently using 
the stored electrical energy for operating the 
receiving device. 

3. Tho method hereinbefore deseribed of 
zing effects or disturbances transmitted 
through the natural media, which consists in 
controlling, by means of ench effects or dis- 
tarbanees, tho chargitig of an electrical stor- 

so devico from an independent source and 
discharging the stored energy throngh n ro- 
ceiving-tireuit, 

4. The method horeinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consiste іп 
controlling, by means of such effects or dis- 
tarbances, tbe charging of an electrical con- 
denser from an independent source, and dis- 
charging tho stored energy throngh a receiv- 
ing-eireuit. 

5. Tho methed hereinbefore described of 

utilizing effects or disturbances transmitted 
through the natural media, which consists in 
effecting а storage during’ any desired timo 
interval aud under control of such effects ог 
disturbances, of energy derived from an іп. 
dependent source, and utilizing the potential 
enoray so obtained for operating n receiving 
sevice. 
5. The method herelubefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
effecting a storage, during азу desired timo 
interval and undor the control of such di 
turbances or effects of electrical energy do- 
rived from an independent source, and util- 
izing the potential energy so obtained for 
oporating a receiving dovice. 

7. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
effecting а stotage in a condenser duting any 
desired time interval and under tho control 
of such distarbances or effects, of electrical 
energy derived from an Independent sou 
‘and utilizing the potential energy so obtai 
for operating a receiving device. 

he method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in storing, during suc- 
ceediug intervals ‘of timo determined by 
means of such offects or disturbances, eleo- 
trical energy. derived from an iadependent 
source, and utilizing the potential energy so 
accumulated to operate a receiving dovico. 

9. Tho mothed horeinbofore described of 
utilizing effects or disturbances transmitted 
ihrougà the natural media from a distant 
source, which consists in storiug in a con- 
denser during succeeding intervals of time 
determined by means of such effects or dis- 
trirbances, electrical onergy derived from an 

lenendont source, snd utilizing tho poton- 
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Ча! onergy во acenmulated to operate a re- 
ceiving device. 

10. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
sourte, which consists in storing, during suc- 
ceeding intervals of timedetermined by means 
of such effects or disturbances, electrical on- 
ergy derived from an independent source, 

using, for periods of time predetermined 
пз to succession and duration, the acenmu- 
latad energy so obtained to operate a receiv- 
ing device. 

11. Tho method hereiubefore described of 
atilizing effects or disturbauces transmitted 
through the natural media from a distant 
вортоб, which consists in storing in a con- 
denser during succeeding intervals of time 
dotermined. by means of such effects or dis- 
tarbances, electrical energy derived from an 
Independent source, and using, for periods of 
time predetermined as to succession and du- 
ration, the accumulated energy во obtained to 
operate л receiving device. 

19. The method hereinbefore described of 
utilizing electrical effects or disturbances 
transmitted through the natural media from 
a distant source, which consists in offecting 
by means of such disturbances or effects а 
storage in n storage dovico of electrical eu- 
ergy derized from an independent source for 
pérlods of time corresponding in succession 
‘And duration to such distnrbances or effec 
and discharging the clectrical energy во 
cumulated into ог through a receiving device 
at predetermined intervals of time. 

18. "The method hereinbefore described of 
utilizing “electrical. effects or disturbances 
ransmitted from a distant source, which con- 

sts Ín.effecting by means of such disturb- 
ances or effects a storage in а condenser of 
electrical energy dorived from an independ- 
ent source for periods of time corresponding 
in succession and duration to such distarb- 
ances or effects, and disebarging the elec- 
trical energy во accumulated into or through 
э receiving devico at predetermined intervals 
of tim 

14. Tho method hereinbefore described of 
utilizing electrical effects or disturbances 
transmitted from a distant source, which con- 
sists in producing, by meaus of such effects 
or disturbances, variations of resistance in a 
circuit including an jndependent electrical 
source and a device adapted to be charged 
with electrical energy therefrom, thereby 
causing the storage device to be charged with 
energy from such independent source, aud 
using the potential electrical energy so accu- 
vaulated to operato a receiving device. 

15. The method bercinbefore described of 
ztilizing effects or disturbances transmitted 
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turongh the natural media from a distant 
source, which consists in producing, by means 

of such effects or disturbances, variations of 65 
resistanceina circuit including an independ- 
ent clectrical source and а condenser, thereby 
cansing the condenser to be charged with on- 
ergy from tho independent source, and using 
the potential clcetricalenergy soaceumulated 79 
to operate n receiving device. 

16. The method hereinbefore described of 
atiliziog effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such effects or disturbances, electrical en- 
ergy from an independent source to be stored 
in a storage device, using tho electrical en- 
егеу во accumulated to operate a transformer. 
and employing the secondary currents from 
Such transformer to operate а receiving de 
vice, 

17. "rne method herelnbeforo described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such effects or disturbances, electrical en- 
ergy from an independent source to be stored 
in а condenser, using the electrical energy so 
accumulated to operate n transformer and go 
employing the secondary enrrents from. such 
transformer to operate a recoiving devico. 

18. Tho method hereinbefo:o described of 
utilizing effects or disturbances transmitted 
through tho natural media from a distant 95 
source, which consists iu causing, by means 
of such disturbances, variations of resistance 
in л circuit incleding an independent source 
ofelectricity anda storage deviceand thereby 
causing the storage device to bo charged from 
such iudependentsource, discharging the en: 
ergy во accumulated in the storage device 
through the primary of a transformer at pre- 
determined intervals of time, and operating 
a receiver by the currents so developed in 
the secondary of the transformer. 

19. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the nataral media from a distant. 
source, which consists in causing, 
of such disturbances, variations of resistance 
in a circuit including an indepondent sourco 
of electricity пой a condenser and thereby 
causing the condenser to bo charged from 
euch independent sourcé, discharging tho en- 
ergy soaccamulated in the condenser through 
the primary of а transformor at predeter- 
mined intervals of time and operating a ro- 
ceiver by tho currents so developed in tho 
secondary of the transformer. 

NIKOLA TESLA. 
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To all whom it may concern: 

Beitknown that I, NIKOLA TESLA, acitizen 
of the United States, residing at the borough 
of Manhattan, іп the city, county, aud State 

5 of Now York, bave invented certain new and 
useful Tioprovements in Apparatus for Util- 

izing Effects Transmitted from a Distance о 

^ Receiving Devico Through tho Natural Mo- 

, of which Шо following isa specification, 
nce being had to the accompanying 
drawings, which form a.part of tho зате. 

‘This application is а division of an appli- 
cation filed by mo Juno 24, 1899, Serial No. 
721,790, in which a mothod of utilizing effects 
or disturbances tranemittod through the nat- 
ural media from aólatant source isdesoribed 
пой mado the subiect of sheclaims. Thoin- 
vention of my present application consists in 
tho apparatus hereinafter described and 
claimed, by the use of which tho method 
claimed in my sai prior application may be 
practiced aud by means of which resnjts hith- 
erto unattainable may bo secured. 

Sevoral waya of methods of transmitting 
electrical disturbances through the natu: 
media and utilizing thom to operate distant 
receivers aro uow known and have been ap- 
plied with more or less success for accom- 
plishing a variety of useful results. Ono of 
30 these ways consists in producing by a suit- 

ableapparatus rays or radiatious—that 15,діз- 
turbances—which are propagated in straight 
linos through space, directing them upon a 
recoivingorrecord iogapparatas ata distance, 
and thereby bringing the latter into action. 
This method is the oldest and best known, 
And bas been brought particularly into promi- 
nonce in recent years through the investiga- 
tions of Heinrich Hertz. Another mothod 
а passing a current through а cir- 
referably one inclosing a very large. 
area, inducieg thoroby іп a similar cireuit, 
situated at а distance, another current and 
affecting by. the same іп any convenient way 
а receiving device. Still another way, which 
hasalso been known for many years,is to pass 
in any suitable manner a current through a 
portion of the ground, as by connectiag to 
"to points of the same, preferably at a con- 
«о siderable distance from each other, the two 
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terminals of a gonerator nnd toenorgize by л 
parto tho current diffased through the earth 

а distant circuit, which is similitrly arranged 
and grounded at two points widely apartand 
which is made to act upon a sensitive ro- 55 
ceiver. These various methods have their 
limitations, onc, especially, which is common 
to all, being that the receiving cirenit or in- 
strumeut mast be maintained in a definito po- 
sitlon with respect to the transmitting appa- 
Tatts, whieh often imposes great disadvan- 
tages проп the uso of the apparatus. 

In several applications filed by me and раі 
ents granted to me I have disclosed othor 
wethods of accomplishing results of this na- 
tare, which may be briefly described as fol- 
lows: In one system the potential of a point 
ion of the earth is varied by imparting 
intermittent or alternating electrifiea- 
tions through one of the terminals o 
able source of electrical disturbance: 
to heighten the effect has its other terminal 
connected to an insulated body, proforably 
of large surfaco and at an elevation. The 
electrifieations communicated to the earth 
spread in all directions through the samo, 
reaching в distant cirenit, which generally 
has its terminals arranged and connected 
similarly to those of the transmitting source, 
and operates проп А highly-sensitive receiver. 
Another method is based upon the fact that 
the atmospborie air, which behaves as an ex- 
cellent insulator to currents generated by or- 
dinary apparatus, becomes а conductor un- 
der the influence of currents of impnlses of 
enormously high electromotife forco which I 
have devised means for generating. By such 
means air strata, which are easily accessible, 
are rendered available for the production of 
many desired effects at distances, howover 
great. This method, furthermore, allows 
vantage to bo taken of many of those improve; 
monts which are practicablo in the ordinary 
systems of transmission involving tho use of 

metallic conductor. 

Obviously whatever method be employed 
itis desirablo that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possible, and by the uso of cer- 
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1 navo devised and which а-э now well known 
important practical advantages are in this 
respect secured. Furthermore, since in most 
enses the amount of energy conveyed to the 
5 distant circuit is but a minute fraction of tho 
total energy emanating from the souree, it їз 
necessary for the attainment of the best re- 
sults that whatever the character of the re- 
coiver and the nature of the disturbance: 
much as possible of tho energy conveyed 
should be made available for the operation of 
the receiver, and with this object in view I 
have heretofore, among other means, em- 
ployed а receiving circuit of high self-indue- 
tion and very small resistance and of a pe- 
riod such as to vibrate in synebrouisu with 
the disturbances, whereby n number of sepa- 
rate impulses from the source were made to 
hus magnifying the effect exerted 
suring the action of the rect 
Ву these means decided advantages 
have Leen secured in many instances; bat 
very often the improvement is either not ap- 
licnble at all or if во the gain is very slight. 
vidently when the source is ove pipducing 
в continuous pressure or delivering impulses 
of long duration it is impracticuble to mag- 
nify the effects in this manner, and when, 
оп tho other hand, it is one furnishing short 
impulses of extreme rapidity of succession 
tho advantage obtained In this way is in: 
nificant, owing to the radiation and the ui 
avoidable frictional waste in the Tecelvin, 
Circuit, "These losses reduce greatly both the 
intensity and the number of the cooperative 
inpiiises, aud since the initial intensity of 
each of theso is necessarily limited only au 
insiguificant amount of energy is thus made 
available for a single operation of the 
coiver. As this amonnt i 
pendent on the energy c 
coivor by ono singlo impulse, it is evidently 
necessary to employ either а vory large and 
costly, and therefore objectionable. trans- 
mitter, or elso resort to the equally obj 
able uso of a receiving dovi 
and too easily deranged. Furthermore, the 
energy obtained throngh the codperation of 
the impulses is in the form of extremely-rapid 
vibrations and because of this unsuitable 
for the operation of ordinary receivers the 
moro во as this form of energy imposes nar- 
row restrictions in regard to the mode and 
timo of its application to such devices. "То 
overcome these aud othor limitations and dis- 
advantages which bave heretofore existed 
such systems of transmission of signals ог i 
tellizence is the objectof my invention, which 
comprises л novel form of apparatus for ac- 
complishing these results. 

‘Tho apparatus which is employed at the ro- 
coiving-station, described in general terms, 
consists in the combination of a storage de- 

ice ineluded іо a cirewit connecting points at 
distance from the sourco of the disturbances 
дай between which a difference of potential 
is created by such disturbances. n rseoiving- 
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circuit connected with the storage device, a 
receiver included io such receiving-chreuit, 
and.means for closing the receiving-cirenit 
at any desired moment, and thereby causing 
the receiver to be operated by the energy with 
which the storage device has been charged. 

‘The best form of apparatus for carrying 
out my invention of which 1 am now aware 
and the manner of using the same will be un- 
derstood from the following deseri 
the accompanying drawings, in wh 

Figure 1 is а diagrammatic illustrati 
such apparatus, and Fig. 2 a modified fofin 
ог arrangement of she same. 

At any two poiuts in the transmitti 
dium betweon which Шеге exists or n 
obtained in any manner through the 
of the disturbances or effects 10 bo investi- 
gated ог utilized a difference of electrical po- 
tential of any magnitude Larrange two plates 
or electrodes so that they may Le oppositely 
charged through the agency of such effects 
or distarbances, and Г connect theso elec- 
trodes to the terminals of a highly-insulated 
condenser, generally of considerable capacity. 
То the condenser-termivals I also connect the 
receiver to bo oporated in series with a do- 
vice of suitable construction which performs 
the function of periodically discharging tho 
condenser through tho receiverat and during 
such intervals of time аз may be best suitable 
for the purpose contemplated. This devico 
may merely consist of two stationary ck 
trodes separated by a feeble «еси layer 
of minute thickness, or it may comprise ter- 
Ininals one or more of which are inovablo and 
actuated Uy any suitable force and are adapt- 
ed to be brought into and ont of contact with 
each other in any convenient manner. It will 
now be readily seen that if Ше disturbances, of 
whatever nature they may be, cause definito 
amounts of electricity of the same sign to he 
conveyed to each of tho plates or electrodes 
Above mentioned either continuously or at 
intervals of time which are sufleiently long 
the condenser will be eharged to a сөгіліп po- 
tential and an adequate amount of onergy 
being thus stored during the timo determined 
by Ше device effecting the discharge of tho 
condenser the receiver will be periodically 
operated by the electrical energy во песин. 
luted; but vory often tho character of the 
impulses and tho conditions of thelr uso aro 
Such that without further provision not 
enough potential energy would bo accumn- 
lated in the condenser to operate the rece 

g device. This is the case when, for ex- 
ample, each of the plates or terminals re- 
есіхех electricity of rapidly-changing sign or 
even when each receives electricity of the 
same sign, but only during periods which aro 
short as compared with thé intervals sepa- 
rating them. In such instances 1 resort to 
the uso of a special device which I insert in 
the cireuit between the plates and the con- 
denser for the purpose of conveying to each 
of theterminalsof thelafterelectrical charges 
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of the proper quanty and order of succes- 
Жоп to боле the required amount of poton- 
ial energy to be stored in the condenser. 
There are a numberof well-known devices, 
either without any moving parts or terminals. 
or with elements reciprocated or rotated by 
the application of a suitable force, which offer 
в more ready passage to impalscs of one sign 
or direction than to those of the other ог per- 
mit only impulses of one kind or order of suc- 
cession to traverse a path, and any of these 
or similar devices capable of fulfilling the re 
quirements шау be used in carrying my ii 
vontion into practice. One such device of 
familiar construction which will serve to con- 
vey в clear understanding of this part of my 
invention and enable а person skilled in the 
art to apply the same is illustrated in the 
annoxed drawings. It consists of a cylinder. 
A, of insulating material, which is moved at 
^ uniform rate of speed by clockwork or other 
suitable motive power and is provided with 
two metal rings В В’, upon which bear Urushes. 
a and а), which aro connected, respectively, 
in tho manner shown to the termical plates 
P and P’, above referred to. From the rings 
В В” extend narrow metallic segments s aud 
which by tho rotation of the cylinder A 
Aro broughtalternately into contact with dou- 
blo brushes b and 0, carried by aud in con- 
tact with condnetiog-holders л and h’, which 
dre adjustable longitudinally in the metallic 
supports D and D’,asshown. ‘The latter aro 
connected to tho terminals T and T' of acon- 
douser C, and it should be understood that 
they are capable of angular displacement as 
ordinary brush-supports. The objectof usiog 
two brushes, as b aud b’, in each of the holders 
h and }/ is to vary at will the duration of tho 
electric contact of the plates P and Р with the 
terminals T and 77, to which is connected 
п receiving-circuit, including а receiver R 
and a dorice d of the. kind above referred to, 
which performs the duty of closing the 
ceiving-circuit at predetermined intervals of 
time and discharging the stored energy 
through the receiver. 10 the present case 
this device consists of a cylinder made partly 
of conducting aud partly of insulating mato- 
rial e and с, respectively, which is rotated 
at the desired rato of врбод by any suitable 
means. ‘The conducting part е із іп good 
electrical connection with the shaft S and is 
provi vith tapering segments f f, upon 
which slides а brush #, supported ‘on a con- 
 ducting-rod l, capable of longitudinal adjust- 
ment in А metallic support i. Another 
brush n is arranged tobear upon the shaft S, 
and it will be seen that whenever one of the 
segments f comes іш contact wi 

k the circuit including the receiver В iseom- 
pleted and the condenser discharged through 
the same. Ву an adjustment of the speed 
of rotation of the cylinder 4 and a displace- 
og ment of the brush & along the cylinder the 
uit may be made to open and close in as 
rapid succession aud romain open or closed 
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daring such intervals of time as шау bo de- 
sired. The plates P and P' through which the 
electi fications are conveyed to the brushes 
а and a’ may beat а considerable distance 
from each other and both in the ground or 
both io the air or one in tho ground and tho 
other in the air, preferably at some height, 
or they may be connected to conductors ex- 
tending to some distance or to tho terminals 
of any kind of apparatus supplying electrical 
euergy which is obtained from tho energy of 
the impulses or disturbances transmitted 
from в distance through the natural inedia. 
То illustration of the operation of the de- 
vices described let it be assumed that altor- 
nating electrical impulses from a distant gen- 
erator, as С, are transmitted through the 
earth and that it is desired to utilizo these 
impulses in accordance with my method. 
‘This may be the саза, for example, when 
such a generator is used for purposes of sig- 
naling ia oneof the ways before onumorated, 
as by haviug its terminals connected at two 
ints of the earth distant from each othor, 
п this case the plates P and I" aro first con- 
nected to two properly -selected points of 
the earth, Ше speed of rotation of tho еуі 
iudor A is varied until it is made to turn in 
synchronism with tho alternate impulses of 
the gonerator, and, finally, the position uf the 
brushes 8 and 0 is adjusted by angular dis- 
placoment, аз usual, ог in other ways, so that 
thoy are in contact with the segments s and s 
duri the periods when tho impulses aro 
At or near the maximum of their intensity. 
Only ordinary electrical skill and knowl- 
edge аге required to mako these adjustmonts, 
and a numbor of devices for effecting syn- 
chrouous movoment being well known aud it 
being the chief object of my presont applica- 
tion to set forth a novel apparatus embo lag 
а general principle a detailed description о! 
such devices is not considered necessary. 1 
шау state, however, that for practical pur- 
poses in the present case it is only necessary 
to shift the brushes back and forth until the 
maximum effect is secured. The above го- 
quirements being falfillod, eloctrical charges. 
of tho ваше sigu will bo conveyed to each of 
the condensor-terminals ая the cylinder A is 
rotated, and with each fresh impulso tho con- 
denser will be charged to a higher potential. 
Tho speed of rotation of the cylinder d being 
adjustable at will, the energy of any number 
of separate impulses may thus be accumn- 
lated in potential form and discharged through 
the receiver R upon the brush k coming in 
contact with one of the segments f. It will 
be of course understood that the capacity of 
| the condenser should be such as to.allow tho 
storing of a much greater amount of energy 
than is required for the ordinary operation 
of thereceiver. Since by this mothod a rola- 
tively great amount of energy aud іш a suit- 
able fori may be made available for tho op- 
eration of a receiver, the latter need not bo 
| vory sensitive bnt of courso when the im- 
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pulses ats very feeble, аз when coming froma 
great distance or when it is desired to operate 
8 receiver very rapidly, then any of the well- 
Known devices capable of responding to very 

з feeble intinences may be nsed in this conne- 
tion. é 

If instead of the alternating impulses short 
impulses of the samo direction are conveyed 
to the plates P aud Р’, the apparatus de- 

10 scribed may still readily be used, and for 
this purpose it is merely necessary to shift 
the brushes b and 07 into the position indi- 
cated by tho dotted lines, while maintaining 
the same conditions in regard tosynchronism 

1$ a8 before, во that the succeeding impulses 
will be permitted to pass into the condenser, 
but prevented from returning to tho ground 
wnitting medium during the intervals 

n thom, owing to the interruption dur- 

зо ing such intervals of the connections leading 
from tho condenser-terminals to the plates. 

Another way of using the apparatus with 
impulses of the same direction Is to take off 
опе pair of brushes, ns L, disconnect the plate 

25 P from brush a and join it directly to the 
terminal T of the condenser, and to connect 
brusha with brush а’, When thus modified, 
the apparatus appears as shown in Fig. 
Operated in this manner and assuming the 

зә speed of rotation of eslinder A to bo the sames 
the apparatus will now be evidently adapted 
for a number of impulses per unit of time 
twice as great as in the precediug case. In 
all cases it is evidently important to adjust 

35 the duration of contact of segments s and s' 
with brushes 0 07 in the manner indicated. 

Whon the apparatus I have described is 
used in connection with tho transmission of 
signals or intelligence, it will.of course be 

4o understood that the transmitter is operated 
in such a тау as to prodace disturbances ог 
effects which nro varied or intermitted in 
some arbitrary manner—for example, to pro- 
duco longer ud shorter successions of im- 

45 pulses, corresponding to the dashes and dots 
of the Morso alphabet—and the receiving de- 
vico will respond to and indicate these varia- 
tions or irtormittences, since the storage de- 
vico will bocharged and discharged a numbor 

50 of times corresponding to tbe duration of tho 
successions of impulses received. 

Obviously the special appliances used ia 
carrying out my invention may be varied ia 
many ways without departing from the spi 

55 Of tho samo. 

7 It is to be observed 4hat it is the function 
of the tylindor A, with its brushes and con- 
nections, to render the electrical impulses 
coming from tho plates P and Р' suitable for 

бо charging the condenser (assuming them to be 
unsuitablo for this purpose in the form in 
which'they are recoived) by rectifying them 
when they are originally alternating in di- 
rection or by selecting such parts of thom аз 

65 aro suitable wheu all are not, and any other 
device performing this function willobviously 
answor tho purpose. Itis also evident that 
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а доуїсө such as I have already referred to 
which offers a moro ready passage to impulses 
of one sign or permits only impulses of the 
same siga to pass шау also De used to perform 
this selective function іп many casos when. 
alternating impulsesare received.: When the 


19 


[impulses are long and all of the same direc- 


tion, and even when they are alternating but 
sufficiently long in duration and sustained in 
electromotive force, the brushes b and b' may 
bo adjusted so as to bear on the parts D B’ of 
the cylinder A, ог the eylinder and its brushes 
may be omitted and the terminals of the соп- 
denser connected directly to the plates P 
ава P^. 

It will be seen that by the use of my iuveu- 
tion results hitherto unattainable in utilizing 
disturbances or effects transmitted through 85 
‘natural media may be readily attained, since 
however great the distunce of such transmis- 
sion and however feeble or attenuated the ih- 
pulses received enough energy may be necu- 
mulated from them by storing up Ше energy go 
of succeeding impulses for a sufficient inter- 
val of time to render tho sudden liberation 
of it highly effective in operating a receiver. 
Tu this way receivers of a variety of forins 
may be made to respond effectively to im 
pulses too feeble to be detected or to be mado 

sensible effect in any other 
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оиз applications to practical use. 

What I claim as my invention, and desire 
to secure by Letters Patent; is— 

1. In an apparatus for utilizing electrical 
effects or disturbances transinitted through 
the nataral media, the combination with а 
ch effects or disturbances of а 
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cuit and adapted to be charged thereby, a ro- 
ceiver, and means for causing tho receiver to 
béoperated by the energy accumulated in the 
storage device at arbitrary intervals of time, 
substantially as described. 

2. In an apparatus for utiliziug olectrical 
effects or disturbances trausmifted through 
the natural media, the combination with a 
source of such effects or disturbances of n 
charging-circuit adapted to be euergized by 
tho action of such effects or distur2ances, a 120 
storage devico included in the charging-cir- 
cult and adapted to bo charged thereby, 
means for commutating, directing or select- 
ing the eurrent impulses in the charging cir- 
cuit, л receiving-cireuit, and means for dis- 
charging tbe storage device through the ro- 
ceiving-cirenit, substantially as described. 

3. Та an apparatus for utiliziog electrical 
effects or disturbances transmitted through 
tho natural media, the combination with a 
source of such offects or disturbances of a. 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, n 
condenser included in the charging-cirenit 
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and adapted to-be charged iereby, means 
for commutating, directing or selecting the 

impulses in the charging-circitit, а 
g-cirenit, and means for discharging 
the condenser through the receiving-circuit, 
substantially as described. 

4. Та an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natnral media, tbe combination а 
source of such effects or disturbances of а 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, в 
storage device included in the charging-cir- 
cuit and adapted to be charged thereby, 
means for commutating, directing or select- 
ing the current impulses in the charging-eir- 
cuit so as to render them suitable for cha: 
ing the storage device, а receiving-cireuit, 
and means for discharging the storage devico 
зо through the receiving-ciceuit, subspantially- 
7 аз described. 

5. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
sourco of such effects or disturbances of a 
cbarging-clrenit adapted to bo onergized by 
the action of stich effects or disturbances, a 
condenser included in the charging-circuit 
and adapted to be charged thereby, means 
for commutating, directing or selecting the 
current impulsesin the charging-circuit so as 
to render thom suitable for charging the con- 
donser, arecoiving-eironit, and means for dis- 
chargivg the condeuser through the receiv- 

зз ішігі, substantially as described. 

. In an apparatus for utilizing electrical 
effects or disturbances trausmitted through 
tho natural media, tho combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, А 
storage device included in the charging-cir- 
cuit and adapted to bo charged thereby, 
means for commntating, directing or select- 
45 ivg thecurreut impulses in the charging-cir- 
cuit so as to render them suitable for charg- 
ing tho storage device, a receiving-circnit, 
‘and means for discharging the storage device 
through the receiving-circuit at arbitrary in- 
tervals of timo, sabstantially as described. 

7. In an apparatus for utilizing electrical 
effects or disturbances transmitted to a dis- 
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tant roceiving-station, the combination with 
а source of such effects or disturbances of a 
circuit distant from the source and adapto 


age device, means for commutating, directing 
or selecting the impulses and connecting the 
i ith tho storage device at execceding. 
intervals of time synchronizing with the iin- 
pulses, a recolving-cireuit, and meaus for pe- 
iodically discharging the storage device 
through the receiving-cireuit, substantially 
да described. 

8. In an apparatus for utilizing electrical 
effects or distarbances transmitted toa dis- 
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innt receiving-station, tho combination with 
а source of such effects or disturbances of a 
circuit distant from tho source and adapted 
to have current impulses sot up in it by tho 
action of the effects or disturbances, а con- 
denser, means for commntating, directing or 
selecting the impulses and connecting the cir- 
cnit with the condenser at succeeding inter- 
vals of time synchronizing with the impulses, 
в receiving-cireuit, and means for period- 
ically discharging the condenser through the 
recelving-eircuit, substantially as described. 

9. In an apparatus for utilizing electrical 
effects or disturbances transinitted through 
the natural media, the combination with а 
source of пећ effects or disturbances of acir- 
cuit connecting pointsat a distance from tho 
source between which a difference of poten- 
tial iscreatod by such effects or disturbances, 
а storage devico inclnded іп such circuit and 
adapted to be charged with the energy sup- 
plied by the same, a receiving-eircuit con- 
nected with the storage device, в receiver in- 
claded in such receiving-cirenit, and means 
for closing the receiving-cirenit and theroby 
causing tho receiver to:bo operated by tho 
energy Accumuiated in tho storage device, 
substantially as described. 

10. Та au apparatus for utilizing olectrical 
effects or distarbautes transmitted through 
the natural media, the combination with a. 
source of such effects or dfaturbances of acir- 
cnit at a distance from the sourco which is 
energized by such effects or disturbances, а 
storage dovice adapted to be charged with tho 
energy supplied by such’ circuit, means for 
connecting the storage device with the said 
circuit for periods of timo predetermined ns 
to succession and duration, a. receiving-cir- 
сай connected with tho storage device, a re- 
ceiver included in such recoiving-circuit, and 
means for closing the receiving-cireuit’ and 
thereby causing the receiver to be operated 
by the enorgy accumulated in the storage do- 
vice, substantially as described. 

11. In an apparatus for utilizing electrical 
‘effects or disturbances transmitted throngh 
the natural media, the combination of a cir- 
cuit connecting points at a distance from the 
source bot ween which adi ference of potential 
is created by such effects or disturbances, a 
storage device included such cireuit and 
adapted to be charged with the energy sup- 
plied by tho same, а receiving-cirenit, a re- 
ceiver included in such cireuit, and means for 
connecting tho receiving-cireuit with thestor- 
аде devico for periods of timo predetermined 
as to succession and duration and thereby 
causing the receiver to be operated by tho on- 
orgy accumulated in tho storage device, sub- 
stantially as described. 

12. In ап apparatus for utitizing clectrieal 
effects or disturbances transmitted through 
the natural media, the combination of a cir- 


cuit connecting points at a distanco from tho. 
source between which a differenceof potential 
created by such effects or disturbances, а 
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storage device adapted to ke charged with the 
energy supplied by such cirenit for suececd- 
ing and predetermined periods of time, a re- 

ing-cireuit, a roeciver ineluded in the ro- 
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cuit connecting poiuts at п distance from the 
копсо, bet ween which difference of potential 
ix crented by sach effects or disturbances, а 
conderser included in such eirenitand adapt- 

4 to be charged by the current ín the same, 
а receiving-eirenit connected with the con- 
denser, п receiver included in such receivi 
circuit, und a device adapted to close the re- 
ceiving-circuit at arbitrary intervals of time 
and thereby canse tho receiver to bo operated 
by the electrical energy accumulated in tho 
condenser, substantially as des 

14. In nn apparatus Гог пй: 
effects or disturbances transmitted through 
the natural media, the combination of a cha: 
ing-cirenit dixtaut from the sourco and ene 
ей by tbe eltects ordisturbancen, a storage 
devicoineluded in thocharzing-circuit, means 
included in the charzing-circuitand acting in 
synchronism with the impulses therein for 
commutating, directing or selecting the im- 
pulses, a receiving- circuit aud means for 
periodically discharging the storage device 
through Шо receiving-circuit, substantially 
as dyscribed. 

15. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination of acharg- 
{ng-cirevit distant from the source and euer- 
ized by the effects or disturbances, a con- 
donserincluded in the charging-circait,means 
included in the charging-cirenit and acting in 
synchronism with the impulses therein for 
commatating, directing or selecting the im- 
Pulses, a receivinz-cirenit and moans for po- 
riodically discharging the copdenser through 
the’ receiving - circuit, substantially as de- 
scribed. 

16. Inan apparatus fortransmittingsigoals 
orintelligencethrough thenatural media from 
п sending-station to a distant point, tbe com- 
bination of ageneratorortransmitteradapted 
to produce arbitrarily varied or intermitte* 


ral media, а charging-cirenit at the distant 
point adapted to receive corresponding elec- 
trieal impulses or effects from the disturb- 
ances or effects so produced, a storage device 
included in the charging-circuit, means in- 


cluded in the charging-cireuit aud acting in 
synchronisin with the impulses therein for 
commutating, direeting or selecting tho im- 
pulses soas to rende; them suitable for charg- 
ing thostorage device, a receiving-circuitand 
means for periodically discharging the stor- 
age device through the receiving-cicuit, sub- 
stantially as described. 

17. Inanapparatusfort, ismittingsignals 

orintelligencethrongh the natnral media from 
а sending-station toa distant point, the com- 
bination of a goneratoror transmitteradaptod 
to prodace arbitrarily varied or intermitted 
electrical disturbances or effects io the natu- 
ral media, n eharging-circuit at the distant 
point adapted to receive corresponding elece 
trical impulses or effects from the urb- 
ances or effects so produced, л condonser in- 
eluded inthecharging-cirenit, means included 
in the charging-cireuit aud acting in syn- 
chronism with the iinpulses therein for com- 
matating, directing or selecting the impulses 
Зо аз to render them suitable for charging 
the condenser, a receiving-cireuit and means 
for periodically discharging the condenser 
through the receiving-cireuit, substantially 
аз described. 
18. Inan apparatus fortransimittingsignala 
inteliigencethrough thenatural media from 
а sending-statiou to a distant point, the come 
nation of ayenerator or transmitteradapted 
produce arbitrarily varied or intermittod 
electrical disturbances or effects in tbe natu- 
ral media, a circuit at thedistant point adapt- 
ed to receive corresponding eleciricnl im-) 
pulses or disturbances from tho disturbances 
ог effects so transmitted, a storage devico in- 
cloded id such circuit and adapted to be 
Charged thereby, a receiving -cirenit con- 
nected with tho storage devico, п receiver in- 
cluded in the receiving-cirenit and a device 
for closing the receiving-cireuit at arbitrary 
intervals of time and thereby causing tho re- 
ceiver to be operated by the energy accumu- 
lated in the втогадо device. substantially aa 
described. 
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To all whom it may concern: 
Boitknown that I, NIKOLA TESLA, a citizen 
of the United States, residing at Now York 
city, in the county and State of New York, 
5 havoinvented a now and useful Improvement. 
іш Apparatus for Utilizing Effects Traasinit- 
ted from А Distance to a Receiving Dovice 
Through the Natural Media, of which the fol- 


This application is a division of one filed 
by me August 1, 1899, Serial No. 725,749, nnd 
based upon and claiming the method herein 
described and which may be practiced by the 
use of the apparatus forming tho subject of 
this application. — 

My Invention is particularly useful in con- 
nection with inethods and apparatus for op- 
erating distant receiving devices by means 
of electrical disturbances produced by proper 
transmitters aud conveyed to such receiving 
devices through the natural тейін; but it ob- 
viously has a wider range of applicability 
and way bo employed, for example, in the in- 

igation or utilization of torrestrinl, solar, 


55 


30 


or other disturbances produced by natural 
causes. 


receivers аге n 


w known and have been ap- 
plied with more or less success for accom- 
plishing a variety of useful results. Ono of 
theso ways consists in producing by a & 
ablo apparatus rays or radiations—t 
disturbances — which are prop: 
straight lines through space, directing them 
троп a receiving or recor pparatus ata 
distance, and thereby bringing the latter ingo 
action. "This method is the oldest and bost 
known and has been brought particularly into 
nee in recent years through the 
gations of lleinrich llortz. Another 
method consists in passing a current through 


4o 


4 


а circuit, preferably one inclosiug n very 
large arca, inducing thereby in a similar cir- 
cuit situated nt n distance another current 
and affecting by tho samo in any convenient $$ 
жау а receiving dovice. Still another wa; 
which has also been known for many years, 

is to passio лоу suitable manner a current 
through a portion of the ground, as by con- 
necting to tivo points af tho same, proferably бо 
ata considerable distance (rom oach othe 
tho two terminals of а generator and to o 
ergizoby a partof thecurrentdiffasod through 
the earth a distanveircuit, which is similarly 
arranged and grounded at two points widely бу 
Apart and which is made to act upon a son: 
tive receiver. ‘These various methods havo 
their limitations, ono especially, which i 
common to all, being that the receiving cir- 
cuit or instrument must be maintained in л 70 
definite position with “espect to tho trans- 
mitting apparatus, which often ішрозев grot 
disadvantages upon the uso of the apparatus, 

In several applications filed by гле and pat- 
ents grauted to шо 1 bave disclosed otber 75 
methods of accomplishing results of this na- 
ture, which may be briefly described ns fol- 
lows: In one lem the potential of а point 
or region of the earth is varied by imparting 
to it intermitteat or alternating electrifica- Во 
tions through one of the terminals of а suit- 
able sourcoof electrical disturbauces, which, 
to heighten tho effect, has its other terminal 
connected to an insulated body, preferably 
of large surface and at an olevation. ‘Tho 85 
electribeations commuviented to the earth 
spread in all directions through the same, 
reaching a distant circuit, which gouorally 
has its terminals arrafged and connected 
similarly to those of the trausinitting sourco 99 
‘and operates upona highly-sonsitive receiver. 
Another method iy based, upon the fact that 
the atmospheric air, wich bolinvos as ап ex- 
collout insulator to currents gonerated by ог. 
dinary apparatus, becomes a conductor under 9$ 
the iufluence of currents or impulses of cnor- 
mously high electromotive force, which I havo 
devised means for zeneratiug. By such 
means air strata, which are easily accessible, 
nro ed a gilabls for the production of 100 
many desired offects at distauces however 
great. This method, furthermore, allows ad- 
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vantage to be taken of many of 10060 im- 
provements which are practicable in the or- 
dinary systems of transmission involving the 
use of n metallic conductor. 

Obviously whatever method be employed 
it is desirable that the disturbances produced 


by the transmitting apparatus should be as | 


powerful аз possible, aud by the use of cer- 
tain forms of high - frequency apparatus, 
which I have devised and which are now well 
known, important practical advantages aro 
in this respect secured. Furthermore, since 
iu most cases the amountof energy conveyed 
to the distant circuit is but a minute fraction 
of the total energy omanating from thesonrco. 
it is nocessary for the attainment of the best 
results that whatever the character of the re- 
ceiver and tho nature of the disturbances аз 
much ns possible of the energy conveyed 
should bo made available for the operation 
of the receiver, and with this object in view 
I have horetofore, among other шелпа, om- 
ployed a recoiving-circuit of high self-induc- 
tion and very small resistance and of a period 
such as to vibrato in synchronism with the dis- 
turbances, wheroby à numbor of separate im- 
pulses (гола thesource were mado to coóperate, 
thus magnifying Шо effect exertod upon and 
insuring the action of tho receiving device. 
By these means docided advantages bave beon 

cured in many instances; but very often tho 
improvement 18 either not applicable at all, 
or, if во, the gain is very slight, Evidently 
when the source із one producing а continu- 
ous pressure or delivering impulses of long 
duration it i$ impracticable to magnify. the 
effects in this manner, and when, on the other 
hand, it is one furnishiog sbort impulses of 
extreme rapidity of succession tho advantage 
obtained in this way is insignificant, owing to 
the radiation and tho unavoidable frictional 
waste in tho receiving-clronit. These losses 
reduce greatly both the intensity and the 
number of tho codperative impulses, aod 
sinco tho initial intensity of each of these 
is nocessarily limited only an insignificant 
amount of energy їз tbns made available for 
a single operation of (ће receiver. As this 
amount із consequently dependent on tho 
energy conveyed to tho receiver by ono single 
Ju pulse, it is evidently necessary to employ 
either п very large and costly, and therefore 
objectionable, transmitter, ог else to resort to 
the equally objecti nable use of a receiving 
device too delicate and too easily deranged. 
Furthermore, the energy obtained through 
tho coüperation of tho impulses is iu the form 
of oxtremely rapid vibrations and beeause of 
this unsuitable for the oporatioa of ordinary 
receivers, tho, more so as this form of energy 
imposes narrow restrictions in regard to the 
mode and timo of its application to such de- 
vicos. "Toovercomo theso and othor limita- 
tions and disadvantages that have heretofore 
existed in such systems of transmission of sig- 
nals or intelligenco and to render possiblo 
an investigation of impulses or disturbances 
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propagated through the natural media from 
any kind of source and their practical utili- 
zation for any purpose to which they are ap- 
plicable, Ihave devised anovel method,which 
Ihave described in а pending application, 
filed Juno 24, 1899, Serial No. 721,700, and 
which, broadly stated, consists ia ‘effecting 
durlog any desired time interval a storage of 
energy derived from such impulses and"util- 
izing the potential energy so obtained for op- 
erating a rceoiving device. 

My present invention is intended for the 
same general purposes, and it comprises an- 
other apparatus by means of which similar 
rosults may be obtained. В 

"The chief feature which distinguishes the 
method of my present from that of my former 
igvenlion, just referred to is thmt tho enorgy 85 
stored is not, as їп the former instance, ob- 
tained from the energy of the disturbances 
or effects transmitted from n distance, but 
from an independent source. 

Expressed generally, the present method 9o 
gonsists in charging a storage devico with on- 
orgy from an independont source, controlling 
tho charging of said device by thoaction of the 
offects or disturbances transmitted through 
the natural media, and coincidently. using 95, 
tho stored energy for operating a receiving 
devico. 

А great variety of disturbances, produced + 
either by suitably-constracted transmitters 
ог by uatural causes, aro at present known 
to bo propagated through tho natural шей! 
жай there are also а variely of means or de 
vices enabling energy to be stored, and in 
view of this I wish to say that I consider tho 
utilization of any sach disturbances and tho 
employment of азу of these means ne within 
the scope of шу present invention eo long аз 
tho use of the gengral method hereinbefore 
stated is involved. 

‘The best way of carrying out my invention 
which I at presont know is to etore electrical 
energy obtained from а suitable electrical 
generator in а condenser aud to control the 
storage or the application of this energy by 
means of a sensitive devico acted upon by 
the offects ordisturbances, and thereby causo 
the operation of the receiver. 

In the practical application of this method 
1 usually procecd as follows: At any point 
where I desire to-investigate or to utilize for 
any purpose effects or disturbaness propa. 
gated through the natural media from any 
Kind of sourco I provido a suitable generator. 
of electricity—as, forexample, a battory and 
8 condonsor—which I connect to the poles of 
the generator in series with sensitive do- 
vice capable of boing modified in its elec- 
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tion of the disturbances emitted from the 
source.” To tho terminals of tho condonssr I 
connect the receiver which is to be operated 
in series with another devico of suitable con- 
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struction, which performs tho fanction of pe- 


riodically disobarging the condenser through 
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tho receiver at and during such intervals of 
timo as may be best suitable for the purpose 
contemplated. Thislatter device may merely 
consist of two stationary electrodes separated 
5 by ^ feoble dielectric layer of minute thick- 
ness, but sufficient to greatly reduce or prac- 
tically interrupt tbe current in the cireuit 
under normal conditions, or it may comprise 
terminals one or more of which are movable 
and actuated by any suitable force and are 
fidapted to be brought into and out of con- 
tact with each other in any convenient man- 
ner. The sensitive device may be any of the 
many devices of this kind which are known 
to bo nifected by the disturbances, impulses, 
өгейесіз propagated throngh the еба and 
it may be of such п character that norainily— 
tat is, when not acted upon—it eatirely pre- 
vents the passage of electricity from thegen- 
erator to tho condenser, or it may be such 
that it allows a gradual’ leaking throu; 
the curreut and a charging of t! 
Ataslow rate. In any caso it 
that if the disturbances, of whatever nature 
they way be, cause an appreciable diminu- 
Чой In the electrical resistance of tho sensi- 
tivo dovice the curront froin tho battery: will 
pass moro readily into the condenser, which 
will be charged ata more rapid rate, and con- 
sequently each of its discharges through the 
recoiver, periodically effected by the special 
ico beforo referred to which performs this 
function, will bo stronger than normally— 
that is, when the sensitive devico is notacted 
upon by the disturbances. Evidently then 
if tho receiver bo so adjusted that it does not 
respond to the comparatively {ево normal 
discharges of the condenser, if they should 
occur, but only to those stronger ones which 
take place upon the diminution of the го- 
sistanco of tho sensitive device it will be op- 
erated only when this device is acted upon. 
by the disturbances, thus making it possible 
to investigate and to ntilize the latter for any 
desired purpose. 

"hegeneral principle underlying my inven- 
tion and the operation of the various devices 
used will bo clearly understood by reference 
to the accompanying drawings, in which— 

Figuro 1 is a diagram illustrating a typical 
arrangement of apparatus which may bo nsed 
in carrying my method iuto practice, and 
Figs. 2, 3, 4, nnd 5 similar diagrams of modi- 
fied arrangements of apparatus for tho samo 
$5 purpose. 

Та Fig. 1, С is a condenser, to tho terminals 
I and 77 of which is connected а charging- 
cireuit, including a battery D, a sonsitive de- 
vice а, and a resistance r, all connected in <с- 
ries, as illnstrated. ‘The battery should be 
preferably of very constant cleetromotivo 
foreo and of ап intensity carefully deter- 
mined tasceure the best results. The resist- 
ance r, which may bo a frictional or an in- 
duetiverone; із not nbsolütely necessary; but 
it is of advantage to uze it in order to faci 
tato adjustment, and for this purpose it шау 
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bo made variable in any convenient and prof- 
erably continuous manner. Assuming that 
the disturbances which are to be invi ated 
or utilized for some practical end are rays 
identical with or resembling those of ordinary 
light, the sensitive device а may be a selo- 
ninm cell properly prepared,soas to bohighly 
suscoptible to the infinence of tho rays, the 
action of which should be intensified by the 
use of а reflector А. (Shown in the draw- 
ings.) It is well known that when cells of 
this kind are exposed tosuch rays of greatly- 
varying tensity they undergo correspond- 
ing modificationsof theirelectrical resistance; 
bui in tho ways they have Leen heretofore 
used thoy have been of very limited utility. 

Inaddition tothecireuitinelnding thosen 
tivo devico or cell а another circuit is pre 
vided, which is likewise conuected to the ter- 
minals T T' of Ше condenser. This circuit, 
which may bo called the “ recciving-circuit," 
includes the receiver В and iu series with it 
о. devicod, before referred to, which performs 
the duty of periodically discharging the con- 
denser through the receiver. It will bo noted 
that, as shown in Fig. 1, the receiving-cireuit 
is in permanent connection with tho battery 
and condenser-terminal T, and it should bo 
stated that it is sometimes desirable to on- 
tirely {Insulate tho receiving-circuit at all 
times, except the moments whea the dovico 
d operates to discharge the condenser, thus 
prevouting any disturbing influence which 
might otherwiso bo caused in this circuit b; 
the battery or the condenser during the p: 
riod when the receiver should not be acted 
upon. In such a case two devices, as d, may 
bo used, one in each connection from the con- 
denser to the receiving-circuit, orelseonesin- 
gledeviceof this kind, but of a sultably-modi- 
fied construction, so that it will make and 
break simultaneously and at proper intervals 
of time both of the connectionsof this circuit 
with the condenser T and T. 

From the foregoing the operation of theap- 
paratus, ns illustrated in Fig. 1, will be at 
Once understood. Normally—that is, when 
it is not influenced by tho rays at all or'very 
slightly—the cell a, being of а comparativoly 
high resistance, permits only a relatively feo- 
blo current to pass from the battery into tho 
condenser, and hence the latter is charged 
at too slow a rate to accumulate during th 
timo interval botween two succeeding opi 
tions of the dovico d sufficiont enorzy to op- 
erate the тессікег or, gencrally speaking, to 
produce tho required chango in the receiving- 
cireuit. This condition is readily socured by. 
а proper selection and adjustment of the vari- 
ous dovices described, so that the receiver 
will romain unresponsive to the feeble dis- 
charges of Шо condenser which may take 
place when thecoll cisacted upon but slightly 
ог not at all by the rays or disturbances; but 
if now new rays aro permitted to fall upon 
the coll or if tho intensity of thoso already. 
acting upon it be increased by апу causo then 
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its resistance will bedimipished and tho con- 
deuser'will be charged by the battery л 

more rapid rate, enabling sufficient poten 
energy to be stored in the condenser durin; 


5 the period of inaction of tho device d to op: | 


уз acting проп 
the cell or sensitive device a are varied ог in- 
termitted in any arbitrary manner, as wh 
transmitting intelligence in the usual way 
from a distant station by means of short and 
long signals, the apparatus may readily be 
made to record or to enablo an operator to 
read the message, since the receiver—suppos- 
ing it to be au ordinary magnetic relay, for 
example—will be operated by each signal from 
Yhesonding-stationa certain numberof times, 
having somo relation to the duration of each 
signal. It will be readily seen, however, that. 
if tho rays aro varied in any other way, as 
by improssing upon them changesin Intensity, 

uucceeding condenser discharges will un- 
dergo corresponding changes in intensity, 
which may bo indicated or recorded by a suit- 
able receivorand distinguished irrespectively 
of duration, 

With roference to Fig. 1 it may bo useful 
to stato that tho electrical connections of 
tho various devices illustrated may be mado 
in many diforent ways. For instance, the 
sonsitive device instead of being in series, 
asshown, may boin ashuat to thecondenser, 
this modification being illustrated in:Fig. 3, 
35 in which the dovices already described are 

indicated by similar letters tocorrospond with 

thoso of Fig. 1. In this case it will be ob- 
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tanco г proferat 
related to tho capacity of tho cond 
store less onorgy when the sensit 
1 Hood by the rays, and its resistance 
ished. ‘The adjustment of the 
various instruments шау then be such that 
tho receiver will be operated only when tho 
rays are diminished in intensity or interrupt- 
ed and entirely preveuted from falling upon 
thosensitivocoll, ог tho sensitive dovico may 
be placed, as shown in Fia.4, inashunttothe 
resistance т or insorted ia any suitable way 
in tho circuit containing the rocelvor—for 
example, as illustrated in Fig. 5—in both of 
which figures the various devices aro lottored 
to correspond with those in Fig. 1, sothat the 
figures become self-explanatory. Again, the 
sovoral instrumonts may be connected in thd 
manner of a Wheatstono brid 
horeinatter explained with roferea. 
2, or otherwiso connected or relati 
each case tho sensitive device will hare tho 
same daty to perform—thatis, to control tho 
energy stored and utilized in some suitable 
way for causing the operation of tho receiver 
6 in correspondenco with the intermittances ог 
variations of the о Теса or disturbances—and 
in each instance by a judicious selection of 
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the devices and careful adjustment the, ad- 
vantages of my method may be more or less 
completely secured. I find it preferable, 
Lowever, to follow the plan which have Поз: 
trated and described. 

It will be observed that the condensor is an 
important element in the combination. I 
have shown that by reason of its unique prop- 
erties it greatly adds to the efficacy of this 
method. ‘It allows the energy accumulated 
in it to be discharged instantaneously, and 
therefore in a highly effective manner. It 
magniBes in a large degree the current sup- во 
plied from the battery, and owing to these 
featares it pormits energy to be stored and 
discharged at practically any rate desired, 
and thereby makes it possible toobtain inthe 
recelving-circuit very great changes of tho 8; 
current strength by impressing upon the bat- 
tery-current Very small variations. Other 
menns of storage possessing these character- 
istics to в useful degree may'bo employed 
without departing from the broad spirit of go 
wy invention; but I preferto use a condeuser, 
in these respects it excels апу other 
storage device of which I have knowledge. 

n 2 в modified arrangemont of Appa- 
ratus is illustrated which is particularly 95 
‘adapted for tho Investigation and utilization 
of vory feeble impulses or disturbances, such 
Аз may be used in conveying siguals or pro. 
ducing other desired effects at vory great dis. 
tances, In this caso the energy atored In the 
condenser is passed through the primary of 
the secondary circuit of which 
eiver, and [а order to render 
the apparatus still moro suitablo for uso in 
detecting feoblo impulses, in addition to the 
sensitive device which {s acted upon by tho 
impulses, another such device is included in 
tho secondary circuit of the transformer. 
The scheme of connections is in the main that 
оға Wheatstone bridge; the four branches of 
which are formed by the sonsitive dovice a 
and resistances L, L’, and L", all of which 
should be preferably inductivo and also ad- 
justable іш a continuos manner, or ac loast 
by verysinallsteps. ‘The condenser’, which 
is generally made of considerable capacity, is 
connected totwoopposite pointa of the bridge, 
whilo a battery В, in series with a continuous- 
ly-ndjustable non-inductive resistanen 7’, is 
connected to thootber pair of opposite points, 
аз usual. Tho four resistances included in 
tho branches of the brid; ely, a, L, L', 
and L—are of a suitable size and во propor- 
tioned tbat under normal conditions—that is, 
when the device a is not influenced at all or 
only slightly by the disturbanees--tharo will 
be no difference of potential, or, Іп any case, 
th» minimum of the same at tho terminals T 
and Т” of tbe condenser. It is assumed іш 
the present instance thatthe disturbances to 
be investigated or utilized are such as will 
produces difference of electric potential, how- 
ever small, between two points or regions in 
the natural media, as the earth, the water, 
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or the air, and in order togppiy this potential 
difference effectively to the sensitive device a 
the terminals of the same are connected to 
two plates Р and P’, which should be of as 
large а surface as practicable and so located 
in tho media that the largest possible differ- 
ence of potential will be produced by the dis- 
tarbances between the terminals of the sen- 
sitive device. This device is in the present 
сазе one of familiar construction, consisting 
of an insulating-tube, which is indieated by 
the heavy lines in tho drawings and whic! 
has its ends closed tightly by two conducting- 
plugs with reduced extensions, npon which 
ar two brushes 00, through whieh the cur- 
rents are conveyed to the device. ‘The tubu- 
lar spaco between the plugs is partially fil 
with а conducting seusitive powder, as iudi- 
смей, tho proper amount of thesamoand the 
size of its grains being determined and ad- 
dusted beforehand by experiment. Thistube 
I rotate by clockwork or other means at a 
uniform and suitable rate of speed, and un- 
der these conditions I find that this device 
behaves toward disturbances of the kind bo- 
fore assumed in a manner similar to that of 
п stationary cell of celenium toward rays of 
light, | Its electrical resistance is diminished 
when it is acted upon by the disturbances 
and is automatically restored upon tho cessa- 
tion of their influence. Itis of advantage to 
employ round grains of powder in the tabe, 
and in any event it is important tbat they 
should be of as uniform size and sbape as pos- 
siblo and that provision should be made for 
maintaining an unchanging Aud very dry At- 
mosphore in the tnbo. “То the terminals T 
‘and Т“ of the condenser C' is connected а coil 
p, usually consisting of а few turns of а con- 
ductor of very small resistance, which із tho 
primary of the transformer before referred 
to; ln series with a dovice d, which effects the 
discharge of the condenser through the coil 
patpredefermined intervals of time. In the 
present case this device consists of a cylinder 
mado partly of conducting and partly of in- 
sulating matorialeand е, respectively, which 
is rotated at the desired rato of speed by 
any suitable means, Tho conducting part e 
is in good electrical connection with shaft S 
and is provided with tapering segments, af 
upon which slides a brush k, which should 
preferably be capable of longitudinal adjast- 
ment along the cylinder. Another brash 0, 
which is connected to tho condenser-tormi- 
nal T", being arranged to bear upon the shaft 
S, it will, bo seen that whenever the brash X 
comes in contact with а coudueting-sogaient е 
tho circuit including the primary p will be 
comploted and the condenser, if energized, 
discharged through thosamo. ‘By au adjust- 
ment of the specd of rotation of the cyliuder. 
and a displacement of the brush k along the 
axis of the samo the circuit may be mado to 
‘open and close in as rapid succession and re- 
main open or closed during such intervals of 
timeasinay be desired. Та inductive relation 


э» 


Р-323 
Б 


tothe primary р is а secondary coll s, usually 
of much thinner wire and of many moro turns 
than the former, to which aro connected in a 
series п receiver R, illustrated nx an ordinary 
magnetic relay, a continuously -adjustable 
non-inductive resistance r”, a battery B'of a 
properly-determined and very constant elec: 
tromotive force, and finally a sensitive devico 
а' of the same or simiiar construction as a, 
which is likewise rotated at a uniform speed 
and which, with its brushes b' b”, closes tho 
secondary cireuit. The electromotive force 
of tho battery D' isso graduated by means of 8o 
the adjustable resistance »” that tho dielec- 
trie layers in the sensitive devico 1" are 

trained very nearly to the point of breakin, 
down and give way upon a slight increase of 
the electrical pressure bn thetermloals of tho 
device. It will of courso be understood that 
tho resistance ғ” is used mainly beca 
convenience and that it may be dispen 
with, in which caso tho adjustment may bo 
effected in many other ways, аз by doter- 
mining the proper amount or coarseness of 
the sensitive powder or by varying the dise 
tance apart of the metallic plugs in the onde 
of tho tube. The samo may be said of tho ro- 
sistance т”, which is Їп series with tho bat- 
tery Band sorves to graduate the force of tho 
latter, so that the dielectric layers of the son- 

device а are subjected to п. similar 

гађа and maintained in a state of delicato 
poise. 

Tho various instruments being connected 
and adjusted in the manner deseribed, it will 
вот be readily soon from the foregoiug that 
under normal conditions, the device а being 
uoaffected by the disturbances, or practically 
5o, and there being no or only & vory ins 
nificant amount of energy stored in the con 
denser, the periodical closure of the primary 
circuit of the transformer through the oper 
tion of the device d will have no appreciable 
effect upon the primary coil p, and henco no 
currents will bo generated in the secondary 
сой s, at least not such as would disturb the 
Әлде of delicato balanco existing in the sec- 
ondary circuit including the receiver, and 
therefore the latter will not bo actuated by 

battery B'; but whon, owing to the dis- 
turbances or impulses propagated through 
the media from a distant source, au addi- 
tional electromotive force, howover small, is 
created between the terminals of the dovico а 
tho dielectric layors in tho samo, unablo to 
support the increased strain, give way and 
allow the current of tho battery B to pass 
through, thus causiug a difference of po~ 
tential at the terminals Т aid 77 of the con- 
denser. Asufficient amount of energy boing 
bow stored in this instrament during the 
time interval botween each two succeeding op- 
erations of the dovico d, cach closure of the, 
primary circuit by the latter results in the’ 
passage of a sudden current impulse through 
tho coil p, which induces a corresponding cur- 
roat of relatively high eloetromotivo force іп 
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анту coils. Owing to this the di- 
electric in the dovico a’ gives way, and the 
current of the battery В' beiog allowed to 
pass the receiver R is operated, but only for 

$ A moment, since by tho rotation of the de- 
vices 2, a^, and d, which may be all driven 
from the same shaft, the original conditions 
аге restored, assuming, of course, that the 
Cleetromotive force set up by the disturbances 

10 at the termiunls of the sensitive device а is 
only momentary or of a dliration not longer 
thaa the time of closure of the primary cir- 
cuit; otherwise the receiver will be actuated 
^ number of times and so long as the in- 

15 fluence of the distarbances upon the device a 
continties, То order torender the discharged 
energy of the condenser more effective in 
causing the operation of tho receiver, Шо ro- 
sistance of the primary circuit shonld be very 

зо small and the secondary coil s should have a 
number of. turns many times greater than 
that of the primary coil p. It will bo noted 
that кіпсо tho condenser under the above as- 
sumptions [s always charged in tho same di- 

25 rection the strongest current impulso in the 
secondary coll, which is induced at the mo- 
ment when the brush & comes in contact 
with segment e, is also of unchanging direc- 
Чоп, and for the attainment of tho best re- 

зо sults it is necessary to connect tho secondary 
coil so that the electromotive force of this iin- 
pulse will be added to that of the Battery and 
will momentarily streagthén the same, How- 
ever, under certain conditions, which are well 

35 Yndératood by those skilled in the art, the 
бегісең will operate whichever way tho sec- 
ondary ће connected, Itispreferableto make 
tho Inductive resistances L and 1/ relatively 
large, ля they are in a shunt to the device а 

4o and might, if made too small, impair its sen- 
sitiveness.’ On the other hand, tho resistance 
L” should not be too large and should bo re- 
lated to tho eapacity of tho condenser and the 
number of makes пой breaks effected by the 

45 device d in well-known ways. Similar con- 

siderations apply, of course, to the circuits in- 

eluding tho primary p and secondary s, re- 
spectively. 

- By carefully observing well-known rules of 

seientific design and adjustment of the in- 

struments the apparatus may be mado ex- 
tremely sensitive aud capable of responding 
to the feeblest influences, thus making it pos- 
siblo to utilize impulses or disturbances trans- 
mitted from very great distances aud too 
feobloto bo detected or utilized in апу of the 
ways heretofore kuowa, and on this account 
the method hore described lendsitself to many 
scientific and practical uses of great value. 

Obviously tho character of the devices and 
the mannpr in which they aro counected'or 
related may be greatly varied without depart- 
ing from tho epirit of my invention. 

‘What I claim as new, and desire to secure 

65 by Letters Patent, is— 

1. In an apparatus for utilizing effects or 
disturbances trausmitted through the vataral 
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media from а distant source, the combination 
of an electrical storage device, a charging- 
circuit connectod therewith and including a. 
device sensitive to the action of tho effects or 
disturbances and determining under their 
control the flow of current in the charging- 
circuit, a recoiving-cireuit inelnding а re- 
ceiver, and means for periodically discharg- 
ing the storage device through tho receiving- 
cireuit, substantially as described. 

2. In an apparatus for utilizing eifects or 
isturbances transmitted throagh thematoral 
edia from a distant source, the combination 
of a condenser, a charging-cireuit connected 
therewith and including a source of electric- 
ity and a dqvico sensitive to tho action of the 
effects or disturbances and deerinining un- 
der their control the flow of enrrent in the. 
charging-cirenit, п recelving.circuit inclad- 
ing a receiver, aud meine for periodically 
discharging tho condenser through the ro- 
ceiving-cireuit, substantially из doscribed. 

3. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combivation 
of a circuit including a source of electricity, 
a storage device adapted to be charged 
by anda dovico normally of very hig 
sistance bat adapted to havo its resistance ro- 
duced when acted проп by the effects or dis» 
turbances, with a receiving-cireuit connected 
with tho storage device and including a re- 
ceiver and а devico adapted to open and close 
tho receiving-circuit at predetermined inter: 
vals of time, substantially as described. ` 

4. In an apparatus for utilizing effects or 
disturbances transmitted throngh tho natural 
media from а distant source, the combination 
of a circnit including a sourco of electricity, 
а condenser and a device normally of very 
high resistanco but adapted to have its re- 
sistance reduced when acted upon by the ef- 
fects or disturbances, with a recoiving-cireuit 
connected with the condensor and including 
а, receiver abd a devino adapted to open an 
close the roceiving-circuit at predetermined 
intervals of time, substantially as described. 

5. In an apparatus for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of a circuit including. 
a source of electricity, a storage dovico adapt- 
ed to bo charged thereby and a device, nor- 
mally of very high resistanco but adapted to 
havo its resistauce reduced when acted upon 
by the effects or disturbances, with a receiv- 
ing-eireuit connected with the storage device 
and including the primary of a transformer 
and a device adapted to open and closo such 
Second cirevit at predetermined intervals of 
time, aud а receiver included in the second- 
ary of tho transformer, substantially аз do- 
scribed. 

С. In an apparatus for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of an electrical stor- 
agedevies,a charging cirenit connected thero- 


with and including a device seusitive to the 
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action of the effects or disturoances aud do- 
termining under their control tho flow of the 
current in the charging-circuit, and a receiv- 
ing-circuit supplied with energy from the 
storage device and including a receiver snd a 
device sensitive to electrical variations in tho 
receiving-cireuit, substantially as described. 

77, In an apparatus for utilizing effects оғ 
disturbances transmitted throngh thenatural 
media from a distant source, the combination 
of n £ondenscr, a charging-circuit connected 
therewith and including a device sonsitive to 
the action of the effects or disturbances and 
determining under their control tho Gow of 
the current in the charging circuit, and а re- 
ceiving-circnit supplied with energy from the 
condenser nad including a receiver and a de- 
vico sensitive to electrical variations in the 
receiviog-circuit, substantially as described. 

8. In an apparatus for utilizing effects-or 
distorbances transmitted through thenatural 
media from a distant sonree, the combination 
of a circuit, ап indepgndent local sourco of 
electricity included thorein, а storage dovica 
connected with tho said circuit and adapted 
to receive energy from the said source, в do- 
vice uormally of vory high resistance, but 
Adapted to bavo its resistance reduced when 
acted upon by tho effects or disturbances, а 
receiving-eireuit. connected wich tho storage 
devico, a trnosformer, the primary of which 
is included in said receiving-cirenit, а devico 
adapted to open and closo the recelving-eir- 
cuit at predotrmined intervalsof time, a ro- 
celver, aud a device, normally of very bigh re- 
sistance, but adapted to havo its resistance 
reduced when acted upon by the effects or dis- 
turbances, and included in the secondary cir- 
cuit of tho transformer, ва set forth. 

9. In no apparatus for utilizing effects ог 
distarbances transmitted from а distant 
source, the combination with a storage dovice 
and an independent source of energy for 
ebarging the same, of a receiving-cireuit con- 
nected with the storage device, a devico sen- 
sitive to the effects or disturbances and de- 
termining onder their control the flow of cur- 
rent in the receiving-eizcuit, substantially as 
‘sot forth. 

10. In an apparatus for utilizing effects or 
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disturbances transmitted through tho natural 
media from a distant source, the co:ibinstion 
with a storage device and an independent 
source of energy for charging Шо same, of a 
receiviog-circuit connected with the storage 
device, a device sensitive to the effects or 
distarbanees and adapted to bave its resiste 
Ance varied by the action thereon of euch 
effects or disturbances and determining un- 
der their control the flow of eurront in tbo 
receiving-circnit, substantially as sot forth. 

11. Ia an apparatas for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of a storage device, 
в battery ог similar independent source of 
energy for charging the вате, n sensitivo do- 
Vico adapted to have its resistance varied un- 
der tho influence of the effects or disturb- 
ances, n receiver adapted to bo operated by 
the discharge of the storage device, tho sen- 

ғо device being in ono branch of а Wheat- 
stone bridge, the storage device in one of tbo 
cross connections bet ween two opposite pointe 
of the bridge, and the battery in the other 
cross connection, and resistances L, L’ and 
п the threo remaining branches of tho 
bridge, us set forth. 

12. То an apparatas for utilizing effects ог 
distarbances transmitted Штощ tho nataral 
media from n distant sourco, tho combination 
of в etorago devico, a battery or like inde- 
pendent sourco of energy for charging tho 
Same, а sensitive device adapted to bavo its 
resistance vari:d undor tho ізбаепсо of the 
effects or disturbances, а cireuit connected 
with the terminals of tbe storngo device, n. 
transformer baving ita primary in said circuit 
аза в receiver ia tho secondary circuit of tho 
trausforimor, the sonsitive device being in опо 
branch of  Wheatstono bridge, tho storage 
derice in ono of the cross connections be- 
preon opposito points of the bridge and tho 
battery in the other cross connection, aud ro- 
sistances L, L' and 12 in tho three remaining 
branches of tho bridge, as всу forth 
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To all whim tt may concern: 

Be it known that I, NIKOLA TESLA, a citi- 

zen of the United States, residing at the bor- 

ough of Manhattan, in the city, county, and 

5 Stateof Now York, have invented cortain new 

and useful Improvements in Means for In- 

crossing tho Intensity of Electrical Oscilla- 

tions, of which the following isa specification, 

reference being had to the drawings accom- 
1 panying and forming part of tho samo. 

In many scientific and practical uses of 
electrical impulsos or oscillations—as, for ex- 
ample, in systewsof transmitting Intelligenco 
todistant points—it isof great ‘mportance to 

15 intousify as much as possible tno current im- 
pulses ог vibrations which are produced in 
tho circuits of tho transmitting and receiv- 
ing instruments, particularly of the latter. 
It is well known that when electrical im- 
pulses aro impressed upon a circuit adapted 
to oscillate freely the intensity of the oscilla- 
tions developed in the samo is dependent on 
tho magnitude of its physical constants and 
the relation of the periods of the impressed 
and of the (гоо oscillations. ~ For the attain- 
ment of tho best result it is nocessary that 
the periods of tho impressed should be tho 
same as that of tho free oscillations, under 
which conditions the intensity of the latter is 
greatest and chiefly dependent on the induc- 
tance and resistance of tho circuit, being di- 
rectly proportionato to tho former and in- 
vorsoly (одћо latter. In order, therefore, to 
intensify tho impulsos or oscillations excited 
in tho cireuit—in other words, to produce tho 
Breatost riso of enrrent or electrical pressuro 
7n tho same—it is desirablo to mako its in- 
flnctanceaslarzoaud its resistance assmall as 
Dracticable. llaviog this end in vi 
dovised aud used conductors of special forms 
and of relatively vory то cross-section; but 
1 have found that limitations exist in regard 
to the increase of the inductance as 
tho diminution of the resistance. 
be understood when it is borne іш mind that 
tho resonant rise of current or pressure in 
^ freely - oscillating circuit is proportionate 
to the frequency of tho impulses and that a 
large induetanco in general involves a slow 
vibration. On the othor haud, an increase of 
the scetion of tho conductor with the object 
of reducing its resistance is, beyond a certain 
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limit, of littlo or no valno, principally because 
electrical oscillations, particularly those of 
bigh frequoncy, pass mainly through tho во. 56 
porficial conducting layers, and while it is 
truo that this drawback may be ovorcomo in 

a measure by the employment of thin ribbons, 
tubes, orstranded cables, yot in practicoother 
disadvantages ariso, which ofton moro than бо 
offset the gain. 

Tt isa well-established fact that as tho tem- 
poraturo of a inctallic conducjor risos its oloc. 
trical resistance increases, and in recognition 
of this constructors of commercial oloctrical 6; 
apparatus have herotoforo resorted to many 
expedients for preventing tho coils and other. 
т of the samo from becoming heated when 

о nse, but merely with а view to economize 
ingenorgy and reducing tho cost of construc- 20 
tion and operation of the apparatus. 

Now I bavo discovered that when a circuit 
japted to vibrato freely js maintained at л 
low temperaturo the oscillations excited in 
tho same are toan extraordinary degroo шад-:7$. 
nified and prolonged, and I am thus enabled 
to produce many valuable results which have 
heretofore озеп wholly impracticable. 

Briefly statod, then, my invention consists 
in producing a great increase in tho intensity 80 
and duration of tho oscillations excited in a 
freely-vibrating or resonating cireuitby main- 
taining the samo at a low temperature, 

Ordinarily in commercial apparatus such 
provision is made only with tho object of pro-, 85 
‘venting wasteful heating, and in any evont” 
its influence npon tho intensity of the oscilla- 
tions is very slight and practically negligiblo, 
for as a ralo impulsos of arbitrary (годпопсу 
are impressed upon a circuit, irrespoctivo of 90 
its own free vibrations, and a resonant rise is 
expressly avoided. 

Му invontion, it will bo understood, doos 
not primarily contemplato the saving of on- 
ergy, Unt aims at the attainment of a dis- 95 
tinctly novel and valuabloresult—that is, tho 
Increase to Шо greatest practicable degree of 
tho intensity and duration of freooscillations. 

It may be usefally applied in all cases whon 

this special object is sought, but offers ez- тос 
ceptional advantages in those instances in 
which the frcely-oscillating discharges of a 
condenser aro utilized. 

‘The best and most couvonient manner of 
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carrying out the invention of which Таш now 
aware is to surround the froely-vibrating cir- 
cult or conductor, which is to be maintained 
at a low temperature, with a suitable cooling 
$ medium, which may bo any kind of freezivg 
mixture or agent, snch ss liquid air, and in 
order to deriva the fullest benefit from the 

Smprovement tho circuit should be primarily 

constructed so as tp have the greatest possi- 

зо ble solf-induction апд the smallest practica- 
bleresistonce, and other rules of construction 
which are now recognized should be observed. 

For exanfple, when in a system of transmi 

sion of energy for аяу рагрово through the 

15 natural media the transmitting and recsiving 
conductors are connected to oarth and to an 
insulated tormioal, respectively, tho lengths 
of these conductors should be ane-quarter of 
the wavo longth of the disturbance propa- 
20 gated through them. 

Tn the accompanying drawing Ihave shown 
graphically a disposition of apparatas which 
тау be used in applying praeticaily my in- 

«vention, 

‘Tho drawing illustrates in parspectivo око 
devices, eithor of which may be the transmit- 
tor, while tho other is tho receiver. Та each 
thero is а coil of fow turns and low resistance, 
(Gesignatod in one by A and in the othor by 

зо À*) Tho former coll, supposed to bo form- 
ing part of tho transmitter, is to be connected 
with a sultable source of current, while tlio 

Jntter is to bo included in circuit with a ro- 

coiving devicoz In inductive relation to said 

35 coils іш oach instrument is a flat spirally- 
wound coil D or 17, one terminal of whieh is 
shown as connected to a ground-plate C, while 
tho other, leading from the conter, is adapted 
to be connected to an insulated terminal, 
4o which is generally maintainod atan olovation 
in tho alr. Tho coils B В’ are placed in in- 
sulating -recoptacles D, which contain the 
freezing agent and around which tho coils A 
and A’ are wound. 

Coils in the form of а flat spiral, such as 
those described, are ominently suited for tho 
production of free oscillations; bat obviously 
conductors or circuits of апу other form may 
bo used, if desired. 

Frou the foregoing the operation of the ap- 
paratus will now be readily understood. As- 
sumo, first, as tho simplest caso that upon 
the coil A of the transmitter impulses or os- 
cillations of an arbitrary frequency ahd irre- 
55 spective of its own froo vibrations aro im- 

pressed. Correspouding oscillations и thon 

bo induced in the circuit B, which, being coo- 
structed and adjusted, as before indicated, во 

аз to vibrate at the same rato, will greatly 

6o magnify thew, the increase being directly 
proportionate to the product of tho frequency 

of the oscillations and the inductance of cir- 
cuit Band inversoly to the resistance of the 
lattor, Ottier conditions remaining the same, 

65 the intensity of the oscillations in the reso- 
nating-cireuit B will bo increased in the samo 

Proportion as its resistance is reduced. Very 
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often, however, the conditions may bo such 
that the gain sought is not realized direct}; 

by diminishing the resistance of the cireuit, то 
In such cases the skilled export who applies. 

the invention will turn to advantage the re- 
duction of resistance by using в correspond- 
ingly longer conductor, thus securinga much — . 
greater self-induction, and under all circum- 75 
stances bo will determino the dimensions of 

the circuit, ко as to get tho greatest valueiof 

the ratio of its inductance to its resistance, 
which determines the intensity of the froo os- 
eillations. ‘The vibrations of coil В, groatly 8е 
strengthened, spread to a distance aud on 
reaching the tunod receiving-conductorB'ex- — , 
cito corresponding oscillations in the same, 
which for similar reasous are intensified, 
РНЕ tho resuit of inducing corresponding'y 85 
stronger currents or oscillations in circuit A’, 
inclading the recoiving device, Whom, as 
may be the caso in the transmission of intel« 
ligible signals, the circuit A Is periodically 
closed and opened, the effect upon tho re gu 
ceiver is heightened in tho manner abovo do- 
scribed not only because the impulsos In the 
coils Band D'arostrengthened, butalso on ao: 
count of their pergistence through a longer 
Interval of time. ‘Tho advantages offored by 95 
tho inveution aro still moro folly realized 
when the circuit A of tho transmitter instead 


tho groater the numbor of tho freely-vibrating 
circuits which alternately receive and transe 
mit energy from one to another tho greater, 114. 
relatively, will be the gain socured by apply: 
ing my invention. 

1 do not of course intend to limit myselt to 
tho specific manner and moans described of 
artificial cooling, nor to the particular forms 120 
aud acraugomenisof the eirculteshown, Бу 
taking advantage of the facis above poini 
‘out and of tho means doseribed I have found 
it possible to secure a rise of electrical pres- 
suro in an excited circuit very шаҙу times #25 
greater than has horetoforo been obtainable, 
дай this result makes it practicable, among 
other things, to greatly extend tho distanco 
of transmission ofsignalsand to oxcludo much 
more effectively ibterferoneo with the samo, 
than has beca possible horotoforo, . 

Having now described шу invontion, what 
1 claim is— 

1. Tho combination with a circuit adapted 
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tb vibrate treely, of means for artificially cool- 
ing the same to а low temperature, as herein 
set forth. 

2. Tn an apparatus for transmitting or ге- 
inpulses or oscillations, the 
Combinatia with a primary and a secondary 
circuit, adapted to vibrate freely in response 
to the impressed oscillations, of means for 
artificially cooling thesame to'a low tempera- 
ture, as herein set forth. 

7 3. In а system for the transmission of elec- 
trical energy, a cirenit upon which electrical 
oscillations are impressed, and which isadapt- 
са to vibrate freely, in combination with a re- 
ceptacle-containing an artificial refrigerant 
in which said circuit is immersed, as heroin 
sot forth. 

4. Tho means of increasing the intensity 
of the elontrical impulses ог oscillations im- 
29 pressed проп a freely-vibrating cirenit, con- 
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sisting of ап artificial refrigerant combined 
with and applied to such circuit and adapted 
to maintain tho samo at a low temperature. 

5. Tho means of intensifying and prolong- 
ing the electrical oscillations produced in a 
freely-vibrating circuit, consisting of an arti- 
ficial refrigerant applied to such cire 
adapted to maintain tho same at a uni 
low temperature. 

б. Ina system for the transmission of өп: 
егу, of transmitting and receiving 
circuits adapted to vibrate freely, in combi- 
nation with means for artificially maintain- 
ing the samo at a low temperalure, ns sot 
forth. 
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To all whom it may concern: 

Be it known that I, Nikota Testa, а citize 
of the United States, residing in the'borough 
‘of Manhattan, in the city, county, and State 

5 of New York, havediscovereda new and useful 
Improvement in the Artof Transmitting Elec- 
trical Energy Through the Natural Media. of 
which the following is a specification, refer- 
ence being had to thedrawingsaccompanying 

10 and forming a part of the same. 

It is known since a long time that electric. 
currents, may be propagated through the 
earth, and this knowledge has been utilized 
in many ways in the transmission of signals 

15 and the operation ofn variety of receiving de- 
vicos remote from the source of energy. 
mainly with the object of dispensing with a 
return conducting-wire. [tis also known that 
electrical disturbances may be transmitted 
through portions of the earth by grounding 
only one of the poles of the source, and this 
fact L have made use of in systems which 1 
have devised for the purposes of transmitting: 
throngh'the natural media intelligible signals 
ог power und which are now familiar; but all 
experimentsand observations heretofore made 
have tends to contirm the opinion held by 
the majority of scientific men that the earth, 
owing to its immense extent, although pos- 
sessing conducting properties, does not be- 
have in the manner of a conductor of limited 
dimensions with respect to the disturbances 
produced, but, on the contrary, much like а 
vast reservoir or ocean, which while it may be 
locally disturbed by a commotion of some 
kind remains. unresponsive and quiescent in 
a large part oras а whole. Still another fact 
now of common knowledge is that when elec- 
trical waves or oscillations are impressed upon 
such а conducting-path as à metallic wire re- 
flection takes place under certain conditions 
from the endsof the wire, and in consequence 
of the interference of the impressed and re- 
Несе] oscillations the phenomenon of "'sta- 
tionary waves” with maxima and ininima in 
delinite fixed positions is produ: Inany 
case the existence of these waves indicates that 
gome of the ontgoing waves have reached tho 
boundaries of ‘the conducting-path and have 
59 been retlocted from: the same. Now I have 
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discovered that notwithstanding its vast di 
mensions and contrary to all observations 
heretofore made the terrestrial globe may in ^ 
a large part or as а whole behave towanl dis-- 
turbances impressed upon it in thc same man- 55 
пег as a conductor of limited size, this fact 
being demonstrated by novel phenomena, 
which I shall hereinafter describe. 

In the course of certain investigations 
which I carried on for the purpose of studying: 
the effects of lightning discharges upon the 
electrical condition of the earth I observed 
that sensitive receiving instrumentsarranged 
50 as to be capable of responding to electrical 
distorbances’ created hy the discharges at 
times failed to respond when they should have. 
done so, and upon inquiring into the causes 
of this unexpected behavior I discovered it to 
be due to the character of the electrical waves 
ich. were produced in the earth by th 
lightning discharges and which had nodal're- 
gions following at definite distances the shift- 
ing source of the disturbances, From data 
obtained їп а large number. of observations 
of the maxima and minima of these waves 1 75 
found their length to vary approximate! 
from twenty-live to seventy kilometers, and 
these results and certain theoretical deduc- 
tions led me to the conclusion that waves of 
this kind may be propagated in all directions 
over the globe and that they may be of still 
more widely differing lengths, the extreme! 
its being imposed by the physical dimensions 
and propertiesof фо саг. Recognizing in the 
existence of these waves an unmistakable evi- 
dence that the disturbances created had-been 
conducted from their origin to the most re- 
mote portions of the globe and had “been 
thence reflected, I conceived the idea of 
ducing such waves in the earth by artiti 
means with the object of utilizing them for 
many useful purposes for which they are or 
might be found applicable. -This problem 
was rendered extremely difficult owing to the 
immense dimensions of the planet, aod conso- 
quently enormous movement of electricity or 
rate at which electrical energy had to be de- 
livered in order to approximate, even ina ro- 
mote degree, movements or rates which arc: 
manifestly attained їп tho displays of elec: гоо 
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trical’ forces in nature and агһїеһ^веете ‘at 
first unrealizable by any human agencies; but. 
by gradual and continuous improvements of 
‘a generator of electrical oscillations, which I 
5 have described in my Patents Nos. 645,576 
апа 649,621, I finally succeeded in reaching 
electrical movements or rates of delivery of 
electrical energy not only approximating, 
but, as shown in many comparative tests and 
16 measurements, actually surpassing those of 
lightning discharges, and by means of this 
apparatus I have found it possible to repro- 
duce whenever desired phenomena in Ше earth 
the same as or similar to those due to such 
15 discharges. With the knowledge of the phe- 
nomena discovered by me and the means at 
command for accomplishing these results I 
am enabled not only to carry out many opera- 
tions by the use of known instruments, but 
20 also to offer a solution for many important. 
problems involving the operation or control 
of remote devices which for want of this 
knowledge and the absence of these means 
have heretofore been entirely impossible. For 
25 example, by the use of such generator of 
stationary waves and receiving apparatus 
properly placed and adjusted in any other lo- 
cality, however remote, it із practicable to 
transmit intelligible signals ог to control or 
зо пение at will any one ог all of such appa- 
ratus for many other important and valuable 
purposes, as for indicating wherever dosired 
the correct time of an observatory or for as- 
certaining the relative position of в body or 
35 distance of the same with reference to а given. 
int or for determining the course of a mov- 
ing object, such as a vessel at sea, the distance 
traversed by the same or its speed. or for pro- 
ducing many other useful effects at a distance 
40 dopendent on the intensity, wave length, di- 
rection or velocity of movement, or other fea- 
ture or property of disturbances of this char- 
acter, 

I shall typically illustrate the manner of ap- 

45 plying my discovery by describing one of the 
specific uses of the same—namely, the trans- 
mission of intelligiblo signals or messages be- 
tween distant points—and with this object ref- 
erence із now made tothe accompanying draw- 

se ings in which 
ure 1 represents diagrammatically the 
generator which produces stationary waves in 
the carth, and Fig. 2 an apparatus situated in 
a remote locality for recording the effects of 

55 these waves. 

Іп Fig. 1, A designates a primary coil form- 
ing part of a transformer and consisting gen 
erally of a few turns of a stout cable of inap- 
..preciable resistance, the ends of which are 

60 connected to the terminals of a source of pow- 
erful electrical oscillations, diagrammatically 
represented by B. : This source is usually а 
condenser charged tow high potential and dis- 
charged in rapid succession through the pri- 

65 mary. as in a type vf transformer invented 
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by me and not well known; but when it is de- 
sired to produce statiopary waves of great 
lengths an alternating dynamo of suitable соп- 
‘struction may be used to energize the primary 
А. Cisa spirally-wound secondary coil with- 
in the primary having the end nearer to the 
latter connected to the ground Е and the other 
end toan elevated terminal Е. The physical 
constants of coil C, determining its period of 
vibration, are so chosen and adjusted that the 
secondary system Е C E is in the closest pos- 
sible resonance with the oscillations impi 

upon it by the primary A. It is, moreover, 
of the greatest importance in order to still 
farther enhance the rise of pressure and to 
increase the electrical movement in the sec- 
ondary system that Ма resistance be as small 
ая practicable and its self-induction as large 
as possible under the conditions imposed. 
The ground should be made with great care, 
with the object of reducing its. resistance. 
Instead of being directly grounded, as indi- 
cated, the coil C may be joined in series or 
otherwise to the primary A, in which case the 
latter will be connected to the plate E’; but 
be it that none or a part or all of the primary 
or exciting turos are included in the coil С 
the total length of the conductor from the 
ground-plate Е’ to the elevated terminal Е 
should be equal to one-quarter of the wave 
length of the electrical disturbance in the s; 
tem Е' C E or else equal to that length mul- 
tiplied by an odd number, This relation be- 
ing observed, the terminal E will be made to 
coincide with the points of maximum pres- 
sure in the secondary or excited circuit, and 
the greatest tlow of electricity will take place 
in the same. » In order to megnify the elec 
trical movement in the secondary as much as 
possible, it is essential that its inductive con- 
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nection with the primary А should not bo 
very intimate, as in ordinary transformers, 
but loose, so as to permit free oscillation— 
tosay, their mutual induction should be 


that 
"The spiral form of coil C secnres this 119 
advantage, while the turns near the primary А 
are subjected to a strong inductive action and 
develop n high initial elect force. 
"These adjustments and гей 
fully completed and other constructive fen- 
tures indicated rigorously observed, the elec- 
trical movement produced in the. secondary 
system by the inductive action of the primary 
А will be enormously magnified, the increase 
being directly proportionate to the inductance 
and frequency and inversely to tho resistance 
of the secondary system." I have found it 
practicable to produce in this manner an elec- 
trical movement thousands of times greater 
than the initial—that is, the one impressed 
upon the secondary by the primary A~-and 1 
have thus reached activities or rates of flow of 
electrical energy in the system E C Е mens- 
tured by many tens of thousands of horse- 
power. Such immense thovements of elec- 139 
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tricity give rise to а variety of novel and 
striking phenonrena, among which are those 
already described. The powerful electrical 
oscillations in the system E C E being com- 
5 inunieated to the ground cause correspond- 
ing vibrations to be propagated to distant 
parts of.the globe, whence they are reflected. 

d by interference with the outgoing vibra- 

tions produce stationary waves the crests 

and hollows of which lie in parallel circles 
relatively to which the grount-plate E may 

Бе considered to be the pole. Stated other- 

wise, the terrestrial conductor is thrown into 

resonance with the oscillations impressed 

15 upon it just like a wire. More than this, a 
number of facts ascertained by me clearly 

show that the movement of electricity through 

it follows certain laws with nearly mathemat- 
ical rigor. For the present it be suffi- 

cient to state that the planet behaves like a 

perfectly smooth or polished conductor of in- 

appreciable resistance with capacity and self 
induction uniformly distributed along the 
axis of ке propagation and 

25 transmitting slow electrical oscilintions with 
out sensible distortion and attenuation. 

Besides the above three requirements веет. 
to bo essential to the establishment of the 
resonating condition. 

3o" First. Theearth'sdiameter passing through 
the pole should be an odd multiple of the 
quarter wave length —that is, of the ratio be- 
tween the velocity of light —and fourtimes ће 
frequency of the currents, | 

35 Second. It is necessary to employ oscilla- 
tions in which the rate of radiation of energy 

into space in the form of hertzian or electro- 

magnetic waves is very small. То give an 
idea, 1 would say that the frequency should be 
smaller than twenty thousand per second, 
though shorter waves might be practicable. 

The lowest frequency would appear to be six 

ver second, in which ease there will bo but 

One node, ator near the ground-plate, and, par- 

aioxical as it may seem, the effect will increase 

with the distance and will be greatest in a 

veyior diametrically opposite the transmitter. 

With oscillations still slower the earth, sti 

speaking, will not resonate, but simply act 

n capacity, and the variation of potential will 

be more or less uniformover itsentiresurface. 
‘Third. The most essential requirement is, 

however, that irrespective of frequency the 
wave or wave-train should continue fora cer- 

35 tain interval of time, which I have estimated 
to be not less than one-twelfth or probably 
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0.08484 of a second and which is taken in } 


л to and returning from the region dia- 
trically opposite the pole over the earth's 
surface with a mean velocity of about four 
hundred und seventy-one thousand two hun- 
dred and forty kiiometers per second. 2:22 

‘The presence of the stationary waves may 
be detected in many ways. For instance, а 
55 circuit may ve connected directly or induct- 
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rely to the ground and to an elevated termi- 
nal and tuned to respond more effectively to. 
the oscillations. Another way is to connect. 
а tuned circuit to Ше ground at two points 
lying more or less їп a meridian passing” 
through the pole Е ог, generally stated, to 
any two points of к different potential. 

In Fig. 2 1 have shown а device for detect- 
ing the presence of the waves such аз I have 
used in a novel method of magnifying feeble 
effects which I have described in-my Patents 
Nos. 685,953 and 685,955. ` It consists of а. 
cylinder 1), of insulating material, which is 
moved at a uniform rate of speed by соске. 
work or other suitable motive power and is 
provided with two metal rings F F', upon 
which bear brushes « and 4, connected, re- 
spectively, to the terminal plates P and P^. 
From the rings F F' extend narrow metallic 
segments ~and ғ, which by the rotation of 
the cylinder D are brought alternately into 
contact with double brushes and 2, carried 
by and in contact with conducting-holders А 
d 27, supported in metallic bearings G and 
as shown. The latter are connected to 
the terminals Т and Т” of a condenser Н, and 
should be understood that they are enpable 
of angular displacement as ordinary brush- 
supports, The object of using two brushes, 
яв рати ЈУ, in each of the holders A and 2 is 
to vary at will the duration of the electric con- 
tact of the plates P and Р with the terminals 
T and TY, to which is connected а receiving- 
circuit including a receiver К nnd a device d, 
performing the duty of closing the receiving- 
circuit at predetermined intervals of time and 
discharging the stored energy through the res 
ceiver. In the present саяс this device con- 
sists of a cylinder made partly of conducting 
and partly of insulating material e and c^ ro- 
spectively, which is rotated at the desired rate 
of specd by any suitable means, ‘The con- 
ducting part is in good electrical connection. 

ith the shaft S and is provided with taper- 
ing segments f.f’, upon which slides a brush 
1, supported on & condueting-rod /, capablo 
of longitudinal adjustment in a metallie sup- 
port. Another brush, #, is arranged to bear 
upon the shaft S, and it will be seen that when- 
ever one of the segments f” comes in contact. 
h the brush & the circuit including the re- 
ceiver R is completed and the condenser dis- 
chargedthrougl the зате. Byan adjustment 
of the speed or rotation of the cylinder « and 
a displacement of the brush Ё along the 
inder the circuit may be made to open and 
close іп as rapid succession and remain open 
or closed during such intervals of time as ma 
be desired. The plates P and P’, through. 
which the electrical energy is conveyed to ће; 
brushes aand a’, may be at a considerable ( 
tance from each other in the ground or one i 
the ground and the other in the air, prefe: 
ably at some height. > If but one plate is cons, 
nected to earth and the other maintained at an' 139 
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elevation, the location of the apparatus must 

be determined with reference to the position 

of the stationary waves established by the 

generator, the effect evidently being greatest 

5 ina maximum and zero in а пода] region. 

On the other hand, if both plates be connect- 

ed to earth the points of connection must be 

selected with reference to the difference of 

potential which it is desired to secure, the 

19 strongest effect being of course obtained when 

the plates are at a distance equal to half the 
wave length. 

In illustration of the operation of the sys- 

tem let it be assumed that alternating elec- 

15 trical impulses from the generator are caused 

to produce stationary waves in the earth, as 

above described, and that the receiving а 

ratus is properly located with reference to the 

position of the nodal and ventral regions of 

зо the waves. - Thespeed of rotation of the eyl- 

inder D is varied until it is made to turn in 

synchronism with the alternate impulses of 

пегавог, and the position of the brushes 

b and 0 is adjusted by angular displacement 

25 or otherwise, so that they are in contact with 

thesegments S andS' during Ше periods when 

the impulses are at or near the maximum of 

their intensity. -. These requirements being 

fulfilled, electrical charges of the same sign 


39 will be conveyed to each of the terminals of 
the condenser, and with each fresh impulse it 
will be charged to a higher potential. The 


speed of rotation of the cylinder d being ad- 
justable at will, the energy of any number of 
35 Separate impulses may thus be accumulated 
in potential form and discharged through the 
receiver R upon the brush 2 coming in соп- 
tact with one of the segments f”. It will be 
understood that the capacity of the condenser 
49 should be such as to allow the storing of а 
touch greater amount of energy than is re- 
quired for the ordinary operation of 
ceiver... Since by this method a relatively 
great amount of energy and in a suitable form 
45 may be made available for the operation of a 
receiver, the latter need not be very sensitive; 
but when the impulses are very weak or when 
it is desired to operate a receiver very rap- 
idly any of the well-known sensitive devices 
59 capable of responding to very feeble influences. 
may be in the manner indicated or in 
other ways. Under the conditions described 
it is evident that during the continuance of 
thestationary waves the receiver will be acted 
55 upon bycurrent impulses more or less intense, 
according to its location with reference to the 
maxima and minima of said waves; but upon 
interrupting or reducing the flow of the cur- 
rent the stationary waves will disappear or 
іпіѕһ in intensity. Непсел great variety 
of effects may be produced in a receiver, | 
cording to the mode in which the waves are 
controlled. ‚ It is practicable, however, to 
shift Uhe nodal and ventral regions of the 
65 waves at will from the sending-station, as by | 
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varying the length of the waves under observ- 
ance of the above requirements. In thi 
ner the regions of maximum and minimum 
effect may be made to coincide with any re- 
ceiving station or stations. By impressing 
upon the earth two or more oscillations of 
different wave length а resultant stationary 
wave may be made to travel slowly over the 
globe, and thus a great variety of useful ef- 
fects may be produced. Evidently the course 
of a vessel may be easily determined without 
the use of а compass, as by a circuit connect- 
ed to the earth at two points, for the effect 
exerted upon the circuit will be greatest when 
the plates P Р are lying on a meridian pass- 
ing through ground-plate Е and. will be ni 
when the plates are located at а parallel cir- 
cle. If the nodal and ventral regions are ms 
itions, the speed of a vessel 
carrying’a receiving apparatus may beexactly 
computed from observations of the maxima 
and minima regions successively traversed, 
This will be understood when it is stated that 
the projections of all the nodes and loops on the, 
earth's diameter passing through the pole or 
axis of symmetry of the wave movement are 
all equal. | Henoe in any region at the surface 
the wave length can be ascertained from sim- 
ple rulesof geometry. Conversely, knowing 
the wave length, tho distance from the source. 
сап be readily calculated. In like ways ti 
distance of one point. from another, the lati- 
tude and longitude, the hour, &z., may be de- 
termined from the observation of such stas 
tionary waves. If several such generators of 100 
stationary waves, preferably of different 
length, were installed in judicfously-selected 
localities, the entire globe could be subdivided 
in definite zones of electric activi 
and other important data could beat once ob- 195 
tained by simple calculation or readings from 
suitably-graduated instruments. Many other 
useful applications of my discovery will sug- 
gest themselves, and in this respect I do not 
wish to limit myself. ‘Thus the specific plan 412 
herein described of producing the stationary 
waves might be departed from. Бог exam. 
ple, the circuit which impresses the powersul 
oscillations upon the earth might be connected 
to the Inter at two points. In this applica- 115 
tion I bave advanced various improvements 
jn means and methods of producing and util- 
izing electrical effects which either in connec- 
tion with my present discovery ог independ- 
ently of the same may be usefully applied. 

I desire it to be understood that such novel 
features as are not herein specifically claimed 
will form the subjects of subsequent applica- 
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What I now cl К 
1. The improvement in the art of transmit- 
ting electrical energy to a distance which con- 
sistsinestablisbing stationary electrical waves 
in the earth, as set forth. ~ 
2. The improvement in the art of transmit- 139 
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ting electrical energy to а distance which con- 
sists in impressi i 
oscillations of such character as to produce 
Stationary electrical waves therein, аз set 
5 fort 
3. ‘The improvement in the art of transmit- 
ting and utilizing electrical energy which con- 
sista in establishing stationary electrical waves 
in the natural conducting medis, and operat- 
16 ing thereby one or more receiving devices re- 
mote from the source of energy, аз set forth. 
4. The improvement in the art of transmit- 
ting and utilizing electrical energy which con- 
sists in ostablishing in the natural conducting 
15 media, stationary electrical waves of přede- 
termined length and operating thereby оз or 
more receiving devices remote from thesource 
of energy and properly located with respect / 


ров the earth electrical | f. 
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oos position of such waves, as herein set 
forth. 


5. Tho improvement in the art of transmit- 
ting and utilizing electrical energy, which con- 
sists in establishing in the natural conducting 
media, stationary electrical waves, and vary- 
ing the-length of such waves, as herein set 

forth. 

6. The improvement їп thgart of transmit- 


ting and utilizi ical energy, which con- 
sists in establishing in the natural conducting 
media stationary electrical waves and shifting 
the nodal and ventral regions of these waves, 
as described. 
Y NIKOLA TESLA. 
Witnesses: 


itnesses: 
М. Lawson Drer, 
Bexroux MILLEN 
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То all whom it may concern: 

Be it known that I, NIKOLA TesLa, а citi- 
zon of the United States, residing in the bor- 
ough of Manhattan, in the city, county, aud 

5 Statoot New York, bave invented certain now 
под useful Improvements in Systems of Sig- 
naling, of which the following is a specifica- 
tion, reference being bad to the drawings ac- 
companyiug and forming a part of the same. 

Tu certain systems for transmitting intelli- 

ble messages or governing the movements 

und operations of distant automata electrical 

impulses or disturbances produced by s 

able apparatus aro conveyed through the па! 
ural inedia to a distant receiving-cireuit cs 
pable of respouding to the impulses, and 
thoreby effecting the control of other appli 
ances. Generally њ special devico highly 

nsitive is connected to the receiving-cir- 
cuit, which in order to render it still more 
susceptible and to reduce the ty of its 
being affected by extraneous disturbances is 
carefully adjusted во аз to be in tune with 
thetransinitter. By ascientificdesiga of the 
sonding and receiving cirenits and otber ap- 
paratus end skilful adjustment of the samo 
these objects may bo iu a measure attained; 
but ia long experience I havo found that not- 
withstanding all constructivead vantages and 
experimental resources this method is in 
many cases inadequate. Thus while I have 

ieceeded in во operating selectively under 
certain favorable conditions moro than oue 
hundred receivers in most cases it is praoti- 
сабо to work successfully but а few, the 
number rapidly diminishing as, either owing 

10 great distunce ог otber causes, the energy 

available in the tuned circuits becomes 
smallerund the roceiversnecessarily morede! 
cate. Evidently а cireuit however well con- 
structed and adjusted to respond exclusively 
ло vibrations of one period is apt to be affect- 
ed by higher harmonics and still moro so by 

lower ones. When the oscillations aro of a 

very high frequency, Шо number of tbe ef- 
fective barınouics muy bo large, and the re- 

ceiver consequently easily disturbed by е 

traneous influences to such ап extent that 
when very short waves, such as those pro- 

59 duced by IHertziau spark apparatus, are used 

little advantage in this respect js derived 
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(тош tuning the circuits. It being an im- 
erative requirement із most practical ар. 
plications of such systems of signaling or in- 
telligence transmission that tho signals or 5% 
messages should be exclasive or private, it is 
igbly desirable to do away with the abovo 
limitations, especially in view of tbe fact, 
which I have observod, that the influence of 
powerful electrical disturbances upon sensi- бо 
n on land, to di 
tances of шашу hundreds of miles, and con- 
sequently іш accordance with theory still 
fartheronses. Toovercomothese drawbacks 
and to enable а great number of transmitting 65 
id receiving stations to be oporated select- 
ively and exclosively and without any dan- 
кого! thesigualsor messages being disturbed, 
intercepted, or intorfered with in any way is 
the object of my present invention. ^ 
Broadly stated, this invention consiste in 
the combination of means for generating and 
transmitting two or moro kinds or classes of 
disturbances or impulses of distinctive char- 
acter with respect to their offect upon A ro- 
ceiving-circuit aud a distant receiver which 
comprises two or moro circuits of different 
electrical character or severally tuned, so as 
to be respousive to the different kinds or 
classes of impulses and which is dependent 
for operation пров the conjoint or resultant 
action of the two or more circuits or the sov- 
eral instruraentalities controlled or operated 
thereby. Dy employing ошу two kinds of 
disturbances or series of impulses instead of 
опе, аз has heretofore been dono to operato 
a receiver of this kind, I have found that 
safety against the disturbing influences of 
other sonrces is increased to such an oxtent 
that I believe this number to bo amply suf- 
cient in most cases for rendering the ex- 
change of signals or messages reliable and 
exclusive; but in exceptional instances a 
greater number may bo used aud a degree of 
safety against mutual and extraneous inter- 
ference attained, such as is comparable to 
that afforded by a combination-lock. "Tho 
liability of a receiver being affected by dis- 
turbances emanating from otbor sources, as 
well as that of the signals or messages being 
received by instruments for which they are 
not intended, may, however, bo reduced not 
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only by an increased number of the coüpera- 
tive disturbances or series of impulses, but 
also by а judicious choice of the same and 
the order in which they are made to act upon 
the receiver. 

Evidently there аге а great many ways of 
generating impulses or disturbances of апу 
wave length, wave form, number or order of 
succession, or of any special character such 
as will bo capable of fulfilling the require- 
ments above stated, and there are also mang. 
ways in which such impulses or disturbances 
may be made to coóperate and to cause the 
receiver to be actuated, and inasmuch asthe 
skill вой practical knowledge in these novel 
fields can only be acquired by long expe- 
rience the degree of safety and perfection at- 
tained will necessarily depend upon the ability 
and resource of the expert who applies my 
invention; but in order to enable the ваше to 
be successfully practiced by азу person pos- 
‘sessed only of thomore general knowledgeand 
experienco in these branches I shall describe 
the simplest plan of carrying it out which is 
at present known to те. 

For a better understanding of the subject 
reference is пом made to the accompanying 
drawings, in which— 

Figures 1 and? represent diagrammatically 
the apparatus and circuit connections om- 
ployed at tbe sending and receiving stations, 
respectively; and Figs. 3, 4, and 5 modified 
moans which may be employed in the prao- 
tical application of the invention. 

To Fig. 1, S' and S? are two epirally-wound 
coils or conductors connected with their in- 
nor ends to elevated terminals D’ and D°, ro- 

pectively, and with their outer ends to au 
rth-plate E. These two coils, conductors, 
or systems D' S E and D*S*E have different 
andsuitably-chosen periods of vibration, and, 
ая pointed out in other patents relating to шу 
system of energy aod intelligence transmis- 
sion, their lengths should be such that the 
45 points of maximum pressure developed there. 
n coincide with the elevated terminals D' D*. 
‘The two systems may have electrical oscilla- 
tions impressed upon them in any desired 
manner, conveniently by energizing jhem 
throogh primaries P'and P^, placed in prox- 
inity to them. Adjustable inductances 1/ 
and L are preferably included in tho pri- 
mary circuite chiefly for the purpose of reg 
lapiug the rates of the primary oscillations. 
In the drawings these primaries P’ and Рі 
aurround the coils 5:8! and are joined ia sè- 
ries through tho inductances L' ТА, conductor 
Е, condensers С and С?, brush -holders B^ 
and BY, aud а toothed disk D, which is con- 
nected’ to the conductor F and, if desired, 
also (о ће ground-plate E, as shown, two inde- 
pendent primary circuits being thus formed. 
‘The condensers C' and С: are of such capac- 
ity and the inductances 1/ and L? are so ad- 
65 justed that each primary is in close resonance 
With iter~-ondary systein, as Ihave explained 
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in other patents granted to шө. The brush- 
holders B' and В? are capable independenti, 
of angular and, if necessary, also of latoral 
adjustment, so that апу desired order of suc- 
cession or any difference of timo interval be- 
tween the discharges occurring in the tw 
primary circuits may be obtained. Tho con- 
‘densers beiag onergized from asuitablesource 
S, preferably of high potential, and the disk 
D boing rotated, its projections or teeth p p, 
coming at periodically-reenrriog intervals in 
very close proximity to or, ав the case maj 
ba, iu contact with conducting rods or brushes 
т.т, cause the condensers to be discharged 
in rapid succession through their respective 
circuits, In this matter the two secondary 
systems D'S’ E and D? Sè E are set in vibra- 
tion and oscillate freely, each at its proper 
rate, for a certain period of timo at every díe- 
charge. The two vibrations are impressed 
upon the ground through tho plate Е aud 
apread to a distance reaching the receiving- 
tion; which has two similar circuits or sys- 
ems e's'd’ and e s? d arranged and con- 
nected in the same mannor and tuned to the 
systems st the soudiog-station, so tuat each 
responds exclusively to one of the two vibra- 
позе produced by the transmitting apparatus, 
The same rules of adjaatment are observed 
with respect to the recelvigg-circuils,care be- 
ing,,farthormore, taken that the tuning is ef- 
fected whon all the apparatus is connected 
to tho circuits and placed in position, as апу 
change may more or less modify the vibration. 
Ench of the receiving-coila s' and # isshaut- 
ed by a local circuit containing, reapectively, 
sensitive devices a’ а?, batteries b’ 6%, adjust- 
able resistances r' гї, and sensitive relays R^ 
RY, all joined iu sories, ав shown. The pro- 
ciso connections aud arrangements of the va- 
rious receiving instrui ла are largely im- 
material зӣ may bo varied In many ways. 
The sensitive devices а' сї may be any pt 
the well-known devices of this kind—es, {бг 
example, two couducting-termingls separated 
by a minate air-gap or a thin film of dielec- 
trie which is strained or weakenod by a bat- 
tery or other mesos to the point of broaking 
down and gives way to the slightest dis- 
turbing influence. ite retarn to the normal 
sensitive state may be secured by momenta- 
rily interrapting the battery -circuit after 
each operation or otherwise, Tho relays В’ 
R? have armatures Г P, which are connected 
bya wire w and when attracted establish 
electrical contacts at с and c, thas closing 
a circuit containing a battery М, an adjust- 
able resistance 73, and a relay RY. 

From the above description It will be read- 
ily seen that the relay Н! will be operated 
only when both contacta с” and c' are closed. 

‘The apparatus at the sending-station шау 
be controlled in any suitable manner—as, for 
instance, by momentarily closing the circuit. 
of the souree S, two different electric vibra- 
tions being emitted simultancously or in 
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rapid succession, as may be desired, at each 
closure of thecireait. The two roceiving-cir- 
cuits at the distant station, each tuned to ге, 
spond to the vibrations produced Ъу ове of 
5 the elements of the transmitter, affect the 
sensitive devices a’ and a* and cause the re- 
lays В’ and R° to be operated and contaetsc' 
and cito bo closed, thus actuating the re- 
ceiver or relay R?, which ia tara establishes 
в contact c? and brings into action a device 
a! by means of a battery d^, included in л lo- 
cal cirouit, asshown; butevidently if through 
апу extrancons disturbance only one of the 
circuita at the receiving-station is affected 
the relay R* will fail to respond. In this way 
communication шау be carried on with 
grently-inereased safety against interference 
And privacy of the messages may bo secured. 
‘The receiving-station (shown in Fig. 2) із 
supposed to be one requiring no return mes- 
sago; but if the use of the eystem із such that 
this із necessary then tho two stations will 
do similarly equipped and any well-known 
means, which it is not thought necessary to 
illustrate here, шау be resorted to for ena- 
bling the apparatus at each station to be nsod 
in turn as transmitter and receiver. In like 
mannor the operation of a receiver, as RY, 
тау be made dependent, instead of upon two, 
upon more than two such transmitting sys- 
toms or circuits, aud thus any desired degree 
of exclusiveness or privacy and safety against. 
extraneous disturbances may be attained. 
‘Tho apparatus as illustrated in Figs. 1 and 
2 permits, bowevor, special results to be 
secured by the adjustment of tbe order of 
snecossion of the discharge of the primary cir- 
cuits Р' and P*or of the time interval between 
such discharges. Toillustrate, the action of 
tho relays R' R? may bo regulated either by 
adjusting the weights of tho levers!’ Ë, ог 
the strength of the batteries U' U^, or the re- 
sistances ғ 73, or in other well-known ways, 
во that when a certain order of succession or 
time interval between ће dischargesof the pri- 
mary cireuits P’ and Р? exista at the sen: 
station the levers 7’ and } will close the con- 
same instant, and thus 
operate the relay Е?; but it will fail to pro- 
duce this result when the order of succession 
of or the timo interval betweon the discharges 
in the primary circuits is another опе. By 
those or similar means additional safety 
against disturbances from othor sources may 
be attained and, on the other hand, the pos- 
sibility afforded of effecting the operation of 
signaling by varying the order of succession 
of tho discharges of the two circuits. In- 
stead of closing and opening the circuit of 
the sourco S, аз before indicated, for the pur- 
poso of sending distinct signals it шау be 
conveniont to merely alter the period of either 
of the transinitting-eirenits arbitrarily, as by 
varying the induetanco of the primaries. 
65% Obviously there is no necessity for using 
transmitters with two or moro distinct ele- 
ments or circuits, as 8” апа 8%, sinco a suc- 
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cession of wavesorimpulses of different char- 
acteristics may be produced by an instru- 
meut having but one such circuit. А few of 
the many ways which will readily suggest 
themselves to the expert who applies my in- 
vention are illustrated in Figs. 3, 4, and 5, 
Io Fig. 3a transmitting system es dis partly 
shunted by a rotating wheel or disk О", which 
may be similar to that illustrated іп Fig. 1 
and which cats out périodically в portion of 
the сой or conductor э? or, if desired, bridges 
it by an adjustable coudensor С", thus alter- 
ing the vibration of the system e s* @ at suit- 
able intervals and causing two distinct kinds 
ог classes of impulses to be emitted in rapid 
succession by thesender. In Fig. 4a similar 
result is produced in the system e s* d* by 
periodically short-cireniting, through an in- 
duction-coil І? and a rotating disk Dé with 
insulating and conducting segments, a cir- 
cuit p' in inductive relation to said system. 
Again, їп Fig. 5 three distinct vibrations are 
caused to bo emitted by a aystem es d this 
result being produced by inserting periodic- 
ally a suitable number of turns of an induc- 
tion-coi! Т/ in serios with tho oscillating sys- 
tem by means of a rotating disk Б? with two 
projections р? ү? and threo rods or brushes п, 
placed at аа angle of one hundred and twenty 
degrees reiatively to each other. Tho three 
transmitting eystems or circuits thus pro- 
duced may be energized іп the sage manner 
аз those of Fig. 1 or in any other convenient 
way. Corresponding to exch of these cases 
tho receiving-station may be provided with 
two or three circuits in an analogous manner 
to that illustrated in Fig. 2, it being nnder- 
stood, of course, that the different vibratigns 
or disturbances emitted by the sender follow 
in such rapid succession upon each othor that 
they are practically simultaneous, во far ав 
the operation of such relays ав R' and Rt is 
concerned. Evidently, however, itis not nec- 
essary to employ two or more receiving-cir- 
cuits; but a slogle cireuit may be used also 
‘at the recelving-station constructed aud ar- 
Fanged like the transmitting cireuitsor sye- 
tems illustrated in Figs. 3, 4, and 5, in which 
case the corresponding disks, as D! Dt ПУ, at 
ihe sending will be driven іш synchronism 
with those at the receiving stations as far as 
may be necessary to secure the desired result; 
but whatever tho nature of tbe specifie de- 
vices employed it will be seon that the fanda- 
mental idea in my invention is the operation 
of а receiver by the conjoint or resultant of- 
fect of two or more circuits each tuned to re- 
spond exclusively to waves, impulses, or vi- 
rations of a certain kind or class produced 


either simultaneously or successively by а, 


suitable transmittor. 

Те will be seen from a consideration of the 
natare of the method hereinbefore doseribed 
that the invention is applicable not only in 
the special manner described, ia which tho 
transmission of the impulses is effected 
through natural media, but for the transmis- 
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and whatever 
the impulses are 


sion of energy for any 

the medium through whic 

conveyed. 

What I clair is— 

5 1..0 asystem for tho transmission of elec- 

trical energy, the combination with means for 
Broducing two ог-шоге distinctive kinds of 

listnrbances or impulses, of receiving-c 
cuits, each tuned to respond to the waves or 
impulses of one kind only, and a receiving de- 
vice dependent for operation upon the con- 
joint action of the several receiving-circuits, 
s set forth. 

2. Io a system for the transmission of elec- 
trical impulses and the operation or control, 
of signaling or other apparatus thereby, tho 
combination with а transmitter adapted to 
produce two or more distinctive kinds or 
classes of disturbances or impulses, of sensi- 
tive receiving-circuite, cach tuned to respond 
to tho impulses or disturbances of one kiud 
or class only, and a receiving device depend- 
ont for operation upon tho conjoint action of 
the sensitive circuits, as set forth. 
25 3. In asystom for the transmission of elec- 

trical impulses, and the operation or control 
of sigoaling, or other apparatus thereby, the 
combination with a transmitter adapted to 
produce two or more distinctive kinds or 
3o classes of disturbances ог impulses, of sonsi- 
tivo circuits at the receiving point or station, 
each tuned to respond to the impulses or di 
tarbances of опо kind or class only, a local 
circuit arranged to be completed by the con- 
35 joint action of the sensitive circuits and a ro- 
coiving device connected therewith, as sot 
forth. 

4. In а system for tho transmission of elec- 
trical impulses, and the operation or control 
of signaling or othér apparatus thoreby, the 
combination with a transinitting apparatus 
adapted to produce two or more distinctive 
kinds of disturbances or impulses, of means 
for varying the timo lntervalsof the emission 
of tho impulses of the soveral kinds, sensi- 
tive сігсайа each tuned to respond to the im- 
pulses or disturbances of ono kind only, and 
в receiving apparatus dependent for ope 
tion upon tho conjoint action of thesensitive 
circuite, аз set forth. 

5. In a syatom, such as heroin described, 
tho combination with a transmitter adapted 
to produce a plurality of diatinctivo kinds of 
electrical disturbances or impulses, of a re- 
ceiving apparatus comprising a plurality of 
circuits, в sensitive dovice and a rolay in- 
cluded in each circuit, and each said circuit 
being tuned to respond to the impulses or dis- 
turbances of one kind only, and a receiving 
apparatus in в local circuit controlled by the 
relays and adapted 10 be completed by tho 
conjoint action of all of said rolays, as set 
forth. 

б, Та a system of tho kind described, tho 
65 combination with a transmitter adapted to 

Produce two or more series of electrical oscil- 
tions or impulses of different frequencies, 
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of a receiving apparatus comprising a plaral- 
ity of sensitive circuits each tuned to respond 

to the impulses of one of the series produced 70 
by the transmitter, and a signaling device de- 
pendent for its operation upon the conjoint 
action of said cireuits, as set forth. 

7. The combination with a plurality of 
transmitter elements, each adapted to pro- 75 
duce a series of impulses от distarbances of 
а distinctive character, вой meaus for con- 
trolling and adjusting the same, of a receiver 
having a plurality of sensitive circuits each 
tuned so as to boaffected by опе о! the series, 8o 
of impulses only, and dependent for opera- 
tion upon the conjoint action of all of said 
circuits, as set forth. 

8. The combination with a transmitter 
adapted to produce series of electrical im- 85 
pulses or disturbances of distinctive chara 
ter and in a given order of succession, of a 
receiving apparatus comprising tuned си 
cuits responding to such impulses in a corr 
sponding order, and dependent for oporation go 
upon the conjoint action of said eloments, аз 
sot forth. 

9. In a receiving apparatus, the combina- 
tion with a plurality of sensitive circuits, sev- 
orally turned to respond to waves or impulses 95 
of a different kind ог class, a réceiving-cir- 
cuit controlled by the seusitive circuits and 
а device connected with the receiving-circuits 
adapted to be operated when said circuit is 
completed by the conjoint action of two or 
more of tho sensitivo circuits, ns set forth. 

10. A system for tho transmission of olec- 
trical.energy, baviog in combination means 
for producing and transmitting two or more 
impulses of different periodicities to form a 
signal io a predetermined order of succession; 
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11. In a system forthe transmission of ele 
trical energy, the combination with a trans- 
mitting apparatus comprising one or more cir- 
cuits, moans for impressing therein oseill 
tions or impulses of different character and 
а receiving apparatus comprising a plurality 
of circuits each tuned to respond to the im- 
pulses of ono kind produced by the trausmit- 
ter and а receiver dependent for operation 
upon the conjoint action of the receiving-cir- 
cuits, as sot forth. 

12. In asystem for the tranamission of eloc- 
trical onergy, the combination with a trans- 
mitting apparatus comprising a transformer 
арй means for impressing upon the secondary 
eloment of the samo oscillations or impulses 
of different character, of a receiving appara- 
tus comprising plurality of cireaits each 
tuned to the impulses of one kind emitted by 
the secondary of tho transmitting - trans- 
former, and a receiver dependent for opera- 
tion upon the conjoint action of the receiv- 
ing-cirenits, as set forth. 139 

13. Таа вувіот for the transmission of elec- 
trical energy, tho combination with a trans- 
mittiog apparatus comprising a transformer 
and means for impressing upon tho socondary 
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clomonts of the samo oscillations or impulses 
of different periodicities and in a given order 
of succession, of a receiving apparatus сош- 
prising a plurality of cireuits each tuned to 
5 respond to the transmitted impulses of one 
period, and a receiver dependent for opera- 
tion upon the conjoint action of the receiving- 
circuite, as set forth. 
14, In a signaling system, tie combigation 
то of means for generating в series of electrical 
impulses of different periodicities, receiving- 
cironits of differing electrical periods of vi- 
bration, and au indicating mechanism oper- 
ated to give an intelligible indication only 
15 when currents are induced in tho receiving- 
circuits in a predetermined order, asset forth. 
15. In a systom for the transmission of en- 
‘orgy, the combination of two or more circuite 
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differing with respect of one of their elec- 
tricalconstants,moans for enorgizing said cir- 
cuits, and an indicating mechanism operative 
only by conjoint action of two or more cur- 
routs generated by waves from tho sending- 
station, as set forth. 

16. In asystem for the transmission of elec- 
trical energy, the combination with а traus- 
mitter adapted to produce electrical waves or 
oscillations varying in character in л predo- 
termined order, of a receiving instrament ге. 
sponsive to said oscillations and dependent 
for operation upon the action thereof in a cor- 
responding order, as set forth. 

NIKOLA TESLA. 


Witnesses: 
Јонк C. Kerr, 
Ricanp 8. Donovay. 
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To ali whom it may concern: 
Boit known that I, NIKOLA TESLA, a citizen 
of the United States, residing at the borough. 
of Manhattan, in tho city, county, and St 
5 of New York, bave invonted cert pew 
usoful Improvomonts in Apparatus for the 
Utilization of Radiant Energy, of which the 
following із а specification, reference being 
had to tho drawings accompanying and form- 
ing a pareot tho sain 
t is well known that сөгіліш radintious— 
such as those of ultraviolet light, cathod 
Roentgen rays, or tho like—possess the prop- 
erty of charging and discharging conductors 
of electricity, the discharge being partica- 
larly noticeable when the condactor ороо 
which the rays impinge is negatively electri- 
fled. Theso radiations aro genorally con- 
sidered to bo ether vibrations of extremely: 
small wave lengths, and in explanation of the 
phenomena noted it has been assumed by 
Some authorities that thoy ionize or render 
conducting the atmosphere through which 
thoy are propagated. Му own experiments 
and observations, however, load ine to con- 
clusions Шого in accord with tbe theory here- 
tofore advancod by mo that sources of such 
radiant energy throw off with great velocity 
minute particles of matter which are strongly 
electrifed, and therefore capable of charging 
^u electrical conductor, or, evon if not в 
талу at any rate discharge an electrified con- 
ductor either by carrying off bodily its charge 
or otherwi: 
My present application ts based apon a dis- 
covery which 1 havo made that when rays or 
radiations of tho above kind are permitted to 
falf upon au insulated conducting-body con- 
noc! to one of the terminals of а condense 
while the other terminal of the saine is mac 
by Independent moans to receive or to cari 
away electricity a current flows into the con- 
donser so long аз the insulated body is ex- 
'd to the rays, and under the conditions 
45 horeinafter specified ап indefinite accomu- 
lation of electrical buergy iu the condenser 
takes place. "itis energy after в suitable 
timo interval, during which the rays are al 
lowed to act, may mAnifest itself in a pow- 
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operation or control of mechanical or elec- 
trical devices or rendered useful in many 
other ware. í гаи 
in applying my discovery I provide n con- 

denser, preferably of cousidernblo electro. 
static capacity, and connect one of its tormi- 
nals to ап insulated metal plate or other con- 
ducting-body exposed to the rays or stroams 
of radiant matter. It ia very important, par- 
ticularly in view of tbo fact that olectrical 
energy is generally supplied nt a very slow 
rate to the condenser, to constrnct the same 
with the greatest саге. 1 nse, by preference, 
the best quality of mica as dielectric, taking 
every possible precaution in insulating the 65 
armatures, во that the instrament may with- 
stand great electrical pressures withont loak- 
ing aud шау leave по perceptible е1өоігі0- 
сайов when discharging instantaneously. Iu 
practice I have -found that the bost resulte 
are obtained with condensers treated in the 
manner described in a patent granted to mo 
Febroary 23, 1897, No. 677,671. Obvlonsly the. 
‘above precautions should be the more rigor- 
ously observed tho slower the rate of charg- 75 
fog and the smaller tho timo Intorval during 
which the energy Is allowed 20 accumulate in 
the condenser. The insnlated plato or con- 
ueting-body should present as largo а sur- 
face ns practicable to the rays or skreains of 8o 
matter, [having ascertained that the amonnt 
of energy conveyed to It per anit of time is 
under otherwise identical conditions propor- 
tionate to the area exposed, or nenrly so. 
Furthermore, the surfacoshould boclonn and 85 

referably highly polished or amalgamated. 
Кле second termioal or armature of the con- 
denser шау be connected to ono of the poles. 
of а battory or other source of electricity or 
to any conducting body or object whatevor of 9o 
such properties or во conditioned that by its 
means electricity of tho required sign will bo 
supplied to tho terminal. A simple way of 
supplying positive or negative electricity to 
the terminal is to connect the зале сі! to 95 
lated conductor supported at soine 
ght in the atmosphereor toa grounded con- 
the former, as is well known, furnish- 
ig positive and tho latter negativo olectrlc- 
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ter generally convey a positive eharge to the 
first condenser-terminal, whieh is connected 
10 the plato or conduetór above mentioned, I 
usually connect the кесене terminal of the 
5 Condenser to the ground, this being the most 
convenient way of obtaining negative elec- 
tricity, dispensing with the necessity of pro: 
vidingan artificial source. In order to-util- 
ize for any useful purpose Ше energy асеп- 
mulated in the condenser, I furthermore con- 
nect to the terminals of tho samea eirenit in- 
eluding an instrament or apparatus which it. 
is desired Чо operate nnd another instrament 
ог dovice for alternately closing and openin 
the clroult. This latter may be any form of 
cireuitcontroller, with fixed or оха 
ог electrodes, which may be actuated either 
by thestored energy or by independent means. 
Му discovery will he more fally understood 
from the following description and annexed 
drawings to which reference is пож made, and 
іп which 
Figaro 1 is a diagram showing tho general 
arrangement of apparatus as usually em- 
5 ployed. Fig. 2 ina similar dingram illustrat 
ing more in detail typical forins of thedovices 
ог elements used in practice, and Figs, 3 and 
Aare diagrammatical representations of modi- 
fled arrangements suitable for special par- 
39 poses, 
As illustrative of the manner in which the 
several parts or elomenta of thoapparatns in 
опе of its simplest forms нге to be arranged 
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and connected for useful operation, referenco | 


35 is made to Fig. 1, in which С is the condenser, 
P tho insulated plate or conducting - body 
which is exposed to the rays, and Р' another 

late or conduetor which із grounded, all be- 

ng joined in series, asshown. . ‘The terminals 
TT of the condenser are also connected to a 
circuit whieh includes a device R to be oper- 
‘ated nnd a cireuit-controlling device d of the 
character above referred to. 

The apparatus being arranged as shown, it 
will be found that when tho radiations of the 
sun or bf any other source.capable of pro- 
ducing tho effects before described fall uj 
the plato Pan accumulation of electrical 
energy in tho condenser C will result. This 
so phenomenon, I believe, is best explained as 

followa: Tho sun, as well asofher sources of 
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ected to the ground, which may be consid. 
ered asn vast reservoirof negative electricity, 
а feeble current flows continuously into the 
condenser, and inasmuch as those sup; 
particles are of an inconceivably small radius 
ог curvature, and consequently charged to a 
relatively vory high potential, thischarging of 
tho condenser may continue, as I havo ac- 
65 tually observed, almost indefinitely, even to 
the point of rupturing tho dielectric. If the 


в 


685,057 


devico d ре of such character that it will op- 
Grate to close the circuit in which it is in- 
cluded when the potential in the condenser 
has reached a certain magnitude, the acenmu- 
lated charge will pass through the circuit, 
which also includes the recelver R, and oper- 
ate the latter. 

Tn illustration of в particular form of ap- 
paratus which may be used in carrying out 
my discovery I now refer to Fig. 2. Im this 
figure, which іп the genoral arrangemont of 
the elements is identical to Fig. 1, the device 
d is shown as composed of two very thin con- 
ducting-plates (7, placed ir close proximity 8o 
and very mobile, either by reason of extreme 
flexibility or owing to the character of their 
support. Tofmprove thelraction, they should. 
be inclosed iu а receptacle, frou which, the 
air may bo exhausted. The plates ¢ / аго 85 
connected In series with a working cirenit, 
inelnding a suitable receiver, whieh in this 
caso is shown ла consisting of au electromag- 
net М, а movable armature а, n retractile 
spring b, and а ratchet-wboel w, provided 
with n apring-pawl ғ, which is plvoted to ar- 
matoro а, as illustrated. Whon tho radin- 
tions of the sun or other radiant source fall 
upon plate P, a current flows into the con- 
denser, ns above explained, until the poton- 
tial therein rises sufficiently to attract and 
bring into contact tho two plates Е, and 
thereby close the circuit connected to the two 
condenser-termipals. This permits. flow of 
current which energizes the magnet М, eaus- 
ing it to draw down the armature а and im- 
parta partial rotation to the ratchot-whoel 
ло. Аз the current ceases tho armature is 
retracted by the spring 5, without, however, 
moving the wheol ш. With the stoppago of 
the current the plates ¢ Ё cease tobeattracted 
and separate, thus restoriug the cirenit to its 
original condition. 

Fig. З shows a modified form of apparatus 
used in convection with an artificial sourco 
of radiant energy, which in this instance may 
beanarcemitting copiously'ultéa-violet rays. 
A suitablo reflector пулу be provided for con- 
ceutrating and directing the.radiations. А 
magnet M and cireuit-controller d aro ar- 
ranged asin tho previous figures; but in tho 
present caso the former instoad of performing. 
itself the whole work only serves tho parposo 
of alternately opening and closing a local 
circuit, containing и source of current B and 
a receiving or translating devico D. Tho 
controller 11, if desired, may consist of two 
fixed electrodes separated by а minuto air- 
ғар or weak dielectrie film, which broaks 
down more or less suddenly when a definite 
difference of potential is reached at tho ter- 
minals of the condenóer and returns to its 
original state upon the passage of tho dis- 
charge. 

Still another modification is shown ій Fig. 
4, in which the sonrce S of radiant enorgy їч 
a'spocial form ot Roentgen tubo dovised by 
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me, having but one termiaal k, gonerally of 
aluminium, in the form of half a sphere, with 

a plain polished enríaco on the front eide, 

from which the streams aro thrown off. It 
5 may bo excited by attaching it to one of the 

terminalsof any generator of sufficiently high 
electromotive forco; but whatever apparatus 
be usod it is important that tho tabe be ex- 
haosted to a high degree, as otherwiseit might 
prove entirely ineffective. The workiog or 
discharge circuit connected to the terminals 
T T of tho condenser includes 10 this case 
tho primary pof a transformer and a circuit- 
controller comprising a fixed terminal or 
brush ¢ and a movable terminal # in tbe shape. 
of а wheel, with conducting and insulating 
segments, which may be rotated at an arbl- 
trary speed by any suitable means. In in- 
ductive relation to the primary wire or coil p 
is a secondary s, usually of a much greater 
number of turns, to the ends of which is con- 
nected а receiver R. The terminals of the 
condenser being consected, as Indicated, one 
toan insulated plate P and the other toa 
grounded plate P", when tho tube Sis exelted 
Tays or streams of matter are emitted from 
the same, which convoy в positive charge to 
the plato R and condonser-terminal T, while 
terminal T' is continuously receiving neg: 
tivo electricity from the phi 
before explained resultsin an accumul 
of electrical energy in the condenser, which 
goes on as long аз the cirenit including the 
primary pisinterrnpted. Whenever the cir- 
cuit is closed owing to the rotation of the 
terminal 2, the stored energy ів discharged 
{hrongh the primary p, this giving rise in tho 
secondary ә to induced currents, which oper- 
Ato the receiver R. 

Tt {в clear from what has been stated above 
that if the terminal T^ is connected to a plate 
supplyíng positive instead of negative elec- 
tricity the rays should convey negativo olóc- 
tricity to plate P. Tho sourco S may be ару 
43 form ot Roentgen or Lenard tubo; but Jt is 

obvious from the theory of action that in 
order to be very effective the electrical im- 
pulses exciting it should be wholly or at least 
preponderatingly of ono sign. If ordinary 
symmetrical alternating currents aro em- 
ployed, provision should be made for allow- 
ing the rays to fall upon, the plate P only 
during those periods when ‘they are product- 
ive of the desired тові. Evidently if tho 
radiations of tho source be stopped or intor- 
copted or their intensity varied In any man- 
neras by periodically interrupting orrythmic- 
ally varying the current exciting the source, 
there will be corresponding changes in the 
action upon the receiver R, aid thus signals 
may be transmitted and many other usefal 
effects produced. Furthermore, it will be no- 
derstood that any form of cireult-closor which 
will respond to or be sot in operation when а 
65 prodetermined amotint of energy is stored in 

the condenser may bo used in lien of thodevios 
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specifically described with reference to Fig. 2 
andalso that thespecialdetailsof construction 
and arrangement of the several parts of tho 
apparatus may be very greatly varied with- 
out departuro from the invention. 

Having described my invention, what I 
claim is— 

1. An apparatus for ntilizing radiant en- 
ergy, comprisin, 
one armature of wbich is subjected to the Ac- 
tion of rays or radiations, independent means 
for charging the other armatere, a ciroutt and 
apparatus therein adapted to be operated or 
controlled by the discharge of the condenser, 
аз set forib. 

2. Ап apparatus for utilising radiant on- 
ergy, comprising in combination, a condenser, 
one Armature of which is subjected to tho no- 
tion of rays or radiations, Independent means 
for charging the other armature, a local cir- 
cuit connected with tbe condeaser-terminala, 
acircuit-controller thorein and means adapted 
to be operated ст controlled by tho discharge 
of the condonser when the local cireuit is 
closed, ns eot forth. 

3. An apparatus for utilizing radiant en- 
ergy, comprising in combination, acondenser, 
one terminal of which 13 subjected to the ac- 
tion of тауа ог radiations, independent means 
for charging the other armature, а local eir- 
cuit connected with tho condensor-terminals, 
A circuit-controller therein dependent for op- 
aration on a given извог potential in the eon. 
denser, and devices operatod by the discbiri 
of the condenser when the local cireuit is 
closed, as set forth. 

4. An npparatus for utilizing radiant оп» 
ergy, comprising із combination, а condensor, 
опо terminal of which is subjected to the ac- 
tion of rays or radiations, and the other of 
which is connected with the ground, a circuit 
‘and apparatus therein adapted to be operated 


| by the discharge of the accumalated energy, 


in the condenser, as sot forth. 
5. An apparatus for utilizing radiant cu- 


“ergy, comprising in combination,a condensor, 


опе terminal of which is subjected to tho ao- 
tion of rays or radiations and tho other of 
which is connected with the ground, a locat 
circuit connected with tho condenser-toru- 
nals, а circuit-controller therein and means 
Adnpted to be operated by the discharge of 
the condenser when tho local circuit is closed, 
as set forth. 

6. An apparatus for utilizing radiant on- 
orgy, comprising in combination,a condensor, 
ono terininal of which is subjectod to tho nc- 
tion of rays or radiatiois and the other of 
which is connected with the ground, a local 
circuit connected with the condonser-termi- 
nals, a cireait-controller therein adapted to 
be operated by a given rise of potential in the 
condenser, and dovicos operated by tho dis- 
charge of the condenser when the local cirenit. 
1s closed, ns set forth. 

7. Au apparatus for nti 


ing radiant on- 
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crgy, comprising a condenser, havingone ter. | adapted to bo operated by a given rise of po- 
mina connected to earth and the other to an | tential in the condenser, as set forth. 
elevated conda g-plate, which is adapted 

to receive the rays from a distant а» of NIKOLA TESLA. 
radiant energy, local circuit connected with | Witnesses: 

the condenser-terminals, a recoiver therein, M. Lawson DYER, 

and a circuit- controller therefor which is | Еиснавр Donova? 
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METHOD OF UTILIZING RADIANT ENERGY. 


SPECIFICATION forming part of Letters Patent No. 685,958, dated November 5, 1001. 
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To all whom it may concern: 
Вей known that I, NIKOLA TESLA, acitizen 
of the United States, residing at the borough 
of Manhattan, in the city, county, and State 
5 of Now York, have invented certain new and 

nsefal Improvements in Methods of Utilizing. 
Radiant Energy, of which the following is a 
Specification, reference being had tothedraw- 
ings accompanying and forming a part of tho. 
same. 

It is well known that certain radiations— 
such as thoso of ultra-violet light, cathodic, 
Roentgen rays, or tho like—possess tho prop- 
erty of charging and dischargiug conductors 
of electricity, tho discharge being particu- 
larly noticeable when the conductor upon 
which the rays impingo is negatively olectri- 
fled. These; radiations are genorally consid- 
огей to be ether vibrations of mall 
wavo longths, and in oxplanation of the pho- 
nomena noted it has been assumed by some 
authórities that they ionize or render cou- 
ducting Lho atmosphere through which (ће; 
"re propagated. Му own experiments and 
observations, howover, load me to conclu- 
sions more in accord with tho theory hereto- 
fore advanced by mo that sources of snch 
radiant energy throw off with great velocity 
minute particies of matter which are strongly 
clectrified, and therefore capable of charging 
an electrical conductor, or even if not во шау 
at any rate discharge an electrified conduc- 
tor eithor by carrying off bodily its charge or 
otherwise. 

‘My present application is based upon a dis- 
covery which I have mado that when rays or 
radiations of the above kind are permitted 
to fall upon an insulated conducting body 
connected to one of the terminals of a con- 
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з 
the operation or control of mechanical or eleo- 


trical devices or rendered useful in many 
other ways 

То applying my discovery I provido a con- 
denser, preferably of considerablo electro- 
static capacity, and connect ono of its ter- 
minals to an insulated metal plate or other 
conducting body exposed to the rays or 
streams of radiant matter. It is very impor- 
tant, particalarly in view of the fact thatelec- 
trical energy is generally supplied at a vary 
slow rato to the condenser, to construct. tho 
‘same with tho greatest саго. I uso by profer- 
опсо ће best quality of micaasdielectrie, tak- 
ing overy possible precaution in insulating 65 
the armatures, so that the instramant may 
withstand great electrical pressures without 
leaking and may leave no percoptible electri- 
fication when discharging instantaneously. 
Та practice 1 have found that the best results, 
are obtained with condensers treated in tho 
manner described in л patent granted to me 
Fobruary 23, 1897, No. 577,671. Obviously the 
above precautions should be the more rigor- 
ously observed the slower tho rate of charg- 
ing aud the smaller tho timo interval during 
which the energy is allowed to accumulate in 
tho condenser. The insulated plate or con- 
ducting body should present as large я sur- 
Тасо аз practicable: to the rays or streams of 
matter, I having ascertained that tho amount 
of energy conveyed to it per unit of timo із 
under otherwise identical conditions propor- 
tionatetotheareaexposed,ornearly'so. Рог. 
thermoro, the surfaco should bo clean and 85 

reforably highly polished or amalgamated. 

Љо second terminal or armature of tho cot 
denser may be connected to one of tho poles 
of а battery or other source of electricity or 
toany conducting body or object whatever of 90 
such properties or so conditioned that by its 
means electricity of the required siga will be 
supplied to the terminal. А simple way of 
supplying positive or negative electricity to 
the terminal is to connect the same either to 
‘an insulated conductor, supported at some 
height in the atmosphere, or to a grounded 
‘conductor, tho former, as is well known, fur- 
nishiog positive aod the latter negative elec- 
tricity. As the rays or supposed streams of 109 
matter generally convoy a positive chargo to 
tho first condeuser-terminal, which isconnect- 
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ed to tho plate or conductor above mentioned, 
I usually connect the second terminal of the 
condenser to tho ground, this being the most. 
convenient way of obtaining negative electric- 
ity, dispensing with the necessity of provid- 
fng an artificial source. In order to utilize 
for any useful purpose the energy aceumu- 
Jated in the condenser, I fartbermore connect 
to the terminals of thé same a circuit inelnd- 

instrument or apparatus which it is de- 
le and another instrument or 
nately closing and opening the. 
circuit. This latter may be any form of cir- 
cuit-controller, with fixed or movable parts 
or electrodes, which may be actuated elther 
bythestored energy or by independent means. 

‘The rays or radiations which are to be util- 
ized for the operation of the apparatus above 
described in general terms may be derived 
from a natural source, as the sun, or way be 
artificially produced by such means, for ex- 
Ample, as an arc-lamp, а Roentgen tube, and 
the liko, and they may be einployed for a 
great variety of useful pur; › 
[y discovery will be more fully understood 
from the following detailed description and 
annexed drawings, to wbich reference is now 
made, and іп which— 

Figuro 1 is adiagram showing typical forms 
of the devices or elements ns arranged and 
connected in applying the method for the op- 
eration of a mechanical contrivance or instru- 
ment solely by tho energy stored; and Fig. 2 
isa diagrammntical representation of a modi- 
004 arrangement suitable for special pur- 
les, with a circuit-controller actuated by 
lependent means. 

Referring to Fig. 1, C is the condenser, Р 
thelusnlated plate or conducting body, which 
is exposed to the rays, and P' another plate or 
conductor, all being joined inseries,assbovn. 
‘Tho tárininals T Т? of the condenser aro also 
connected to a circuit includinga receiver В, 
which is to be operated, and a cireuit-control- 
ling dovico d, which in this case is composed 
of two very thin conducting-plates £ f’, placed 
in closo proximity and very mobile, olthor by 
ronson of extremo flexibility or owing to the 
charator of their support. To improve their 
action, they should be inclosed in a receptacle 
from which the air may be exhausted. The 
receiver Е is shown as consisting of an сіес- 
tromaguet M, а movable armature а, 8 re- 
tractile spring b, and a ratcbet-wbecl 10, pro- 
vided with a spring-paw! r, which is pivoted 
to armature а, as ilinstrated. ‘The apparatus 
being arranged as shown, it will be fovnd that 
when the radiations of thie sun or of any other 
source capable of producing tho effects before 
doscribed fall upon the plate Р an accumula- 
tion of elcctrical energy in the condenser С 
will result. This phenomenon, I Believe, із 
dest explained as follows: The sun as well as 
other sources of radiant energy throw off mi- 
nute particles of matter positively electrified, 
which, impinging upon tho plate P, corm 
nieato an electrical charge tothe same. The 
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opposite terminal of the condenser being con- 
nected to tho ground, which may be consid- 
eredns n vast reservoir of negative electricity, 
a feeble current flows continuously into the 
condenser, and inasmuch as these supposed 
particles are of an inconceivably small radius 
or curvature, and consequently charged to 
relatively very high poteutial, this charging 
of the condenser may continue, as I have 
found in practice, almost indefinitely, oven to 
the point of rupturing the dielectric. Obvi- 
watever circuit - controller. bo om- 
should operate to close the circuit 
In which it is included when tho potential in 
the condenser has reached tho desired magni- 
tude. Thusin Fig. 2 when the electrical pres- 
sure at the terminals Т Т rises to a certain 
redetermined value the plates ( f^, attract- 
ing each other, close the circuit connected to 
the terminals. This permits а flow of current 
which energizes the magnet M, causing it to 
draw down the armature a and impart a par- 
tial rotation to the ratchet-wheel w. Аз the 
current ceases the armature is retracted by 
the spring b without, however, moving the 
wheel w. With the stoppago of tho current. 
the plates (7 cease to be attracted and вера: 
rate, thus restoring tho cirenit to its original 
condition. 

Many usofal applications of this method of 
utilizing the radiations emanating from tho 
sun or other source abd many ways of carry- 
ing out the samo will at onco suggest them- 
selves from the above description. By way 
of illustration а modified arrangement is 
shown in Fig. 2, ia which the sourcoS of ra- 
diant energy is a special form of Roentgen 
tubo devised by me having but one terminal 
K, generally of alominium, їй tho form of 
ҺАЙ а sphere with a plain ‘polished surfaco 
on tho front side, from which the streams are 
thrown off. It may be excited by attaching 
it to one of the terininals of any generator о 
sufficiently-bigh electromotive forco; but 
whatever apparatus be used it is important 
that the tubo bo exhausted to a high dogroo, 
аз otherwise it might prove entirely inolfect: 
ive. Tho working or discharge circuit con- 
nected to tho terminals T Т' of the condensor 
includes in this caso the primary p of a traus- 
formor and a cireuit-coutroller comprising а 
fixed torminal or brush { and a movable tor- 
тіпа! # in theshape of a wheel with conduct- 
ing and insulating segments which may bo 
rotated at ап arbitrary speod by any suitablo 
means. [n inductive rolation to the primary 
wire or coil p is a secondary s, usually of a 
much greater numbor of turns, to tho ends of 
which is connected a receiver В. Tho tor- 
minals of tho condeuser being connected as 
indicated, one to an insulated plate P and 
the other to a grounded plato Р’, when tho 
tube S is excited rays or streams of matter 
are emitted from the same, which convey а 
positive charge to the plato P and condensor- 
terminal T, while terminal Т is continuously 
receiving negativo electricity from tho plato 
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Р. This, аз before explained, results in an 
accumulation of electrical energy in the con- 
denser, which goes on as long as the circuit. 
including the primary 2,13 interrupted 
Whenever tho circuit is closed, owing to th 
rotation of tho terminal Г, the stored energy 
io discharged through ће primary p, this giv- 
ing rise in the secondary s te induced cnr- 
rents which operate the receiver В. 

1t is clear from what has been stated abovo 
that if the terminal T is connected toa plate 
supplying positive instead of negative elec- 
tricity tho rays should convey negative elec- 
tricity to plate Р. "Тһе source 8 шау be any 
form of Roentgen or Lenard tube; bat it is 
obvious from tho theory of action that in or- 
der to be very effective the electrical im- 
pulses exciting it should be wholly orat least 
Proponderatingly of ono sign. It ordinary 
symmetrical altornating currents аге em- 
Ployed, provision should be made for allo 
ing the rays to fall upon the plate P only 
during thoso poriods whon they are produc- 
tivo of tho dosired result. Evidently if the 
radiations of the sourco bo stopped or iater- 
сөрісд or their intensity varied in any man- 
ner, as by periodically intorrupting ог ryth- 
mically varyiug the current exciting tbe 
zonree, there will bo corresponding chndges 
in the action upon the receiver R, and thus 
signals may be transmitted and many other 
usefuleffects produced. Furthormoro,it will 
bo understood that any form of eireuit‘closer 
which will respond to or be sot in operation 
when a predetermined amount of епегду is 
stored in the condensor may ђе used in lieu 
Of the devico spocifically described with ref- 
erence to Fig. 1, and also that the special 
details of construction and arrangement of 
the several parts of tho apparatus may be 
Very greatly varied without departure from 
the invention. 

Having described my invention, what I 
claim is- 

1. Tho method of utilizing radiant onergy, 


з 


which consists in charging one of the arma- 
tures of a condenser by raysor radiations, and 
the other armature by independent means, 
and discharging the condenser through a suit 
able receiver, as set forth. 

2. The method of utilizing radiant energy, 
which consists in simultaneously charging 
а condenser by means of rays or radiations 
and an independent source of electrical en- 
ergy, and discharging the condenser through 
а suitable receiver, as set forth. 

3, The method of-utilizing radiant energy, 
which consists in charging one of the armn- 
tures of a condensor by rays or radiations, and 
the other by independent means, controlling 
the action or effect of said rays ог radiations 
and discharging the condenser throngha suit- 
able receiver, as set forth. 

4. ‘Tho mothod of utilizing radiant enorgy, 
which consists іп charging ono of tho arma- 
tures of a condenser by rays or radiations and 
the other by independent means, varying tho 
intensity of the said rays or radiationsan' po- 
riodically discharging tho condenser through 
а suitablo receiver, as sot forth. 

5. The method of utilizing radiant energy, 
which consists in directing upon an elevate 
conductor, connected to one of tho armatures 
of a condenser, rays or radiations capablo of 
positively electrifying tho same, carrying off 7s 
electricityfrom tho other armature by con- 
necting the samo with tho ground, and dis- 
cbargiog the accumulated energy throngh а 
suitable recolver, as set forth. 

©. The method of utilizing radiant energy, 80 
which consists in charging ono of tho arma- 
tures of a condonser by raysor radiations,and 
tho othor by Indopondent means, and effect 
ingby the automaticdischargo of theaccumn- 
lated energy tke operation or control of a 85 
suitable receiver, as sot forth. 

NIKOLA TESLA. 
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To all whom it may concern: 

Bo it known that I, NIKOLA TESLA, А citi- 
zen of the United States, residing in the bor- 
ough of Manbsttan, in the city, county, and 
State of New York, have iuvented certain 
дем and useful Improvements in Methods of 
Signaling, of which the following is a speci- 
fication, rofereuce being bnd to thedrawings 
accompanying and forming а part of the 
same. 

To certain systems for transmitting intelli- 
rible messages or governing the movements 
‘and operations of distant automata electrical 
impulses or disturbances produced by suit 
Able apparatus are conveyed through the nat- 
ural media to н recelving-circuit capable of 
responding to the impulses, and theroby ef- 
fecting the control of other appliances. Gen- 
erally п special device, highly sensitive, is 
connected to the receiving-cireuit, which’ in 
ordor to render it ati!l more susceptible and 
to reduce the liability of its beiug affected 
by extranoous disturbances із carefully ad- 
fusted во ns to bo iv tune with the transmit- 
ter. By a scientific desigo of the sending 
‘and receiving circuits'and other apparatus 
And skilful adjustment of tbe same theso 
objects may be In a measure attained; but 
in long experience I bave found tbat not- 
witbetandiog АП constructive advan’ 
oxporimental resources tbis moth 
фапу cases inadeguato. Thus whilo I bave 
succeeded in во operating selectively under 
certain favorable conditions moro than one 
hundred recelvers in most cases iz із prac- 
tigable to work successfully but a (өм, the 
number rapidly diminishing as, either owing 
to grent distanco or other causes, the energy 
available in the tanned circuits becomes 
smaller and the receivers necessarily more 
delicate. Evidently a circuit however woll 
constructed and adjusted to respond exclu- 
sively to vibrations of опе period із apt to 
be affected by higher harmonies and still 
more зо by lower ones. When the osci 
tions are of а very bigh frequency, the num- 
bor of the effective harmonies may bo large 
aud Ше receiver consequently easily dis- 
turbed by extrancous influences to such an 
extent that when very short waves, such as 
those produced by Hertzian epark apparatus, 


are used little advantage In this reepoct [s to 
be derived from tuning the circuits. Ii bo- 
ing an imperative requirement n most prac- 
tical applications of such systems of signal- 
ing or intelligence transmisston that the sig- 
nals or messages should bo exclusive or pri- 
vate, it is highly desirable tp do. away with 
the above limitations, especlally in view of 
the fact which I have observed that tho in- 
lectrical disturbancos 
проп sensitive receivers extends өтеп on 
land to distances of many hundreds of miles, 
abd consequently, in necordance with theory. 
КИП farther ou soa. Toovercome those draw- 
backs ной to enable a groat nambor of trans. 
mitting and recelvi tions to be operated. 
solectively and exclusively and without any 
danger of the signals or wessages being dis- 
turbed, intercepted, or interfered with in any 
way is the object of my present invention. 

Broadly stated, this invention consists іп 
generating two or more kinda or слава of 

isturbances or impulses of distinctive char- 
Acter with respect to their effect upon a ro- 
ceiving-circuit and operating theroby в dis- 
tant receiver whiob comprises two or more 
circuits, esch of which is tuned to respond 
exclusively to the disturbances or impulses 
of one kind or class and so arranged that the 
operation of the receiver is dependent, upon 
their conjoint or resultant action. 

Ву employing only two kinds of disturb- 
ances or-series of impulses instead of one, as 
has heretofore been done, to operate n re- 
ceiver of this kind I have found that safety 
against tho disturbing infinonces of other 
sources is increased to such aa extent that I 
believo this number to be amply sufficient in 
most cases for rendering the exchange of sig- 
nals or messages reliable aud exclusive; but 
ia exceptional instances а greste: number 
may be used and a degreo of safety against 
mutual and extraneous interference attained, 
such as is comparable to that afforded by a 
combivation-lock. The liability of a receiver 
being affected by disturbauces emanating 
from other sources, аз well ns that of the sig- 
mals or messages boing received Uy instra- 
menta for which they are uot iutended, may 
however, bo reduced not only by an increased 
number of the coóperative d'sturbances or 
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паевого, bot alsoby judicious choig 
of the same and order in which they are made 
to act upon the receiver. 
Evidently Шеге are а great many ways of 
8 generating impulses or disturbances at any 
wave lengib, wave form, number or order of 
succession, or of ару special ebaracter, such 
ав will be capable of fulfilling the require- 
ments above stated, and there are also many 
ways in which snch impulses or disturbances 
may be made to codperate and to cause the 
receiver to be actuated, and inasmuch as the 
skill and practical knowledge in these novel 
fields can only beacqnired by lorfg experience 
the degreo of safoty and perfection attained 
will necessarily depend upon the ability and 
resource of tbo expert who applies my invon- 
Чоп; but in arder to coable the sume to ho 
Buaceosfully practiced by any person pos- 
воввей only of tho moro general knowledge 
nnd exporionce in tbeso branches I shall de- 
scribo the simplest plan of carrylog it out 
which is nt present Known to me. 

For в better nadorstanding of tho eubject 
reference ія now made to the accompanying 
drawings, in which— 

Figures 1 өші 2 reproseot diagrammatic. 
ally an epparntusand circuit connections om- 
ployed at о sending and гесе 
respectively, for the practico of 
and Figs. 3, 4, and 5, modified means which 
may be employed in tho practical application 
of the invention. 

In Fig. 1, $'S* are сто apirally-wound coils 
orconduetcrs connected with their inner enda 
to proferably elevated terisinals ТУ and D4, 
respectively, and with thoir onter ends to a3. 
carth-plato It. These two coils, conductors, 
or systems О’ 8' Eand D! S? E bavo different 
and auitabl7-chosen periode of vibration,and, 
ял pointed out in other patents relating to my 

lem of energy and intolligonco transmi: 
slon, their lengths should be such that the 
poleieot makimam pressure developed there: 
in coincido with the elevated terminals D' 
РА By enitably-chosen periods of vibration 
восі periods are meant as will secure the 
grentest safety ngninst interference, both ma- 
tual and extraneous. The two systems may 
havo olectrical oscillations Impressed upon 
them in апу desired manner conveniently b; 
energising thom throcgh primaries P and РА 
[сей im prosimity to them. | Adjustable 
inductances I and L* are preferably included 
In the primary circuito chiefly for the pur- 
рово of regulating the ratos of the primary 
éncillations. Ia thé drawings these primaries 
P'and P' surround the coils 5 S* aud are 
joined in serios through the inductances L' 
бо ТА, condactor F, condensers C' and С", brush- 
holders `В’ and B*, and а toothed disk D, 
which is connectod to the conductor F and, it 
desired, also 10 the ground-plate E, ла shown, 
two independent primary cireuits being thus 
55 formed. Tho coüdenscre С and С? aro of 

‘such capacity and tho foductances L' 12 аге 

во adjusted that oach primary ts in close reso- 
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nonce with its secondary system, as I have 
explained in other patents granted to 
‘The brush-bolders B' and В? are capable in 
dependently of angular and, if necessary, 
also of lateral adjustment, so that any desired 
огаве of succession or апу differencd of time 
interval between the discharges occurring In 
the two primary circuits may be obtai 
‘Tho condensers being energized from a suit 

bl» source S, preferably of high potential, 
and the disk D being rotated, its projections 
or wath p p coming at periodically-reenrring 
intervals ín very closo proximity to or, us the 
case шау be, in contact with conducting rods 
or brushes n n cause the condensers to be 
discharged ia rapid succession through their 
respective circuits. In this manner the two 
secondary aystoms D'S! E and D' STE aro not 
in vibration and oscillato freely each at its 


proper rate for ^ certain period of time at 
every discharge. Tho two vibrations aro tm- 
rested upon the ground through the plato 
Е and spread to aldistanco reaching tho ro- 
coiving-station, which bas two similar cir- 
exits or systems e 8 Ф and e s d’, arrangod 
‘and conneetod in the samo manner aod (шой 
to tho systoms at the sending-station, so that 
cach reiponds exclusively to one uf ‘tho two 
vibrations nroduced by the transmitting ap- 
paratus. The same rules of adjustmont are 
Obsorved with respoet to the receiving-cir- 
сай, care being furthermore taken that tho 
tuning із effected when ‘all the apparatus is 
connected to the circuits and placed in posi- 
tion, as any change may moro or less modify 
the vibration. Each of the receiving-coils 3° 
and sis sbunted by a local circuit containing, 
respectively, sensitive devices a’ а, batteries 
BB, ndjustable resistances r' 7°, aud sonsi- 
tive relays R’ RY, all joined in series, аз 
shown. Tho preciso connections and’ a 
rangements of the various recoiving instru- 
menta are largely immaterial and 
varied in many ways. The sensitive 46- 
vices a’ a! may be any of the well-known 
devices of this kind—as, for example, two 
‘conducting-termioals separated by a minute 
airgap or a thin біш of dielectric which is 
strained or weakened by а battery or other 
means to tbe point of breaking down and 
gives way to the slightest disturbing infia- 
ence. Its return to the normal sensitive stato: 
may bo secured by momentarilyinterrüpting 
the battory-cirouits after each operation or 
otherwiso. ‘The relays В’ ВЕ bave armatures 
T P, which are connected by a wire w and 
when attracted establish electrical contac- 
at c' and сї, thas closing a circuit contalnin, 
а battery D and adjustable resistance т? an 
^ relay В". From the above description it 
will be readily seon that the relay Н? will bo 
operated only wbon both contacta c and hare 
closed. 


‘The apparatus at tno sending-station may 
bo controlled ia any suitablo manner—as, for 
instanco, by momentarily closing the circuit. 
of tho source S, two different eloctrical vi- 
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brations being emitted simultaneously or in 
rapid succession, -3 may be desired, at each 
closure of the circuit. -The two receiving- 
eirouite at the distant station, each tuned to 
respond to the vibrations produced by one of 
the elements of the transmitter, affect the 
sonsitive devices a’ aud a* and cause the ro- 
lays R' and R° to be operated and contacts 
< and сї to be closed, thus actuating the ro- 
ceiver or relay R°, which in turn ostablishes 
в contact œ and bringa into action в devi 
a' by means of в battery d', included in 
local elrenit, as shown. But evidently if 
through any extraneous distarbance only one 
of the circuits at the roceivipg-station is af- 
footed the relay В? will fall to respond. Iu 
thie way А communication may bo carried on 
with greatly-inoreased safety against inter- 
forence and privacy of the messages may be 
secured. The receiving station shown in Fig. 
8 1з supposed to be ono requiring no retu: 
esunger Dut If tho uso of the syalem ia such 
thas this is necessary then the two stations 
wilt bo slmilarly equipped, and any we 
known moans, which it is not thought noces- 
sary to illustrate hero, may bo resorted to for 
onabling the apparatus at each station to 
bo used in turn as transmitter aud receiver. 
Tn like manner tho operation of a receiver, 
ав RY, шау be made dependoat instead of 
о two upon wore than two such trans- 
mitting systems or clrenits, and thus any de- 
sirod dogreo of exclusivoness or privacy and 
nafoty against extraneous disturbances may 
То nttained. Tho apparatus аз illustrated in 
Figs. 1 and 2 permits, however, special re- 
cults to bo восито by the adjustinent of the 
ordor of succession of the discharges of the 
primary circuits P" and Р? or of tho time in- 
torvals botween such discharges. To ill 
irato: Tho action of the relays Е! R° may be 
regulated either by adjusting the weights 
of the lovers 2 Р, or the streggth of the bat- 
tories b' L^, or tho resistances 7' 7, or in otbor 
oll-known ways, зо that when а cortaio order 
of succession or time intorval botween the di 
charges of the primary circuits P’ and Р? е: 
feta at thd sending-station the lévors Г and P 
will close tho contacts с” and c* at tho samo 
instant, and thus operate tho relay R°, bat 
will fail to produco this result when the order 
of auccossioi of or tho timo interval 
tho discharges ia the primery circui 
9 ег опе. Ву thoso or similar means addi- 
tional safety against disturbances from other 
попгсоё may bo attained and, on the other 
hand, the possibility afforded of effecting the 
operation of signaling by varying the order 
of euccossion of tho discharges of the two cir- 
cuit. Iuateadof closing and opening tlieeir- 
ouit of the вопгсо 5, re indicated, for 
tho purpose of eanding distinct giguals it may 
bo convenient to merely alter tho period of 
eltherof the transmitting-circuitsarbitrarily, 
as by varylog the inductancoof the primarias. 
Obviously thoro 18 по necossity for using 
transmitters with two ог more distinct elo- 


ments or cirodits, as 8' and 8), 
cession of waves or impulses of different: 
acteristics may be produced by en Instrum: 
having but one such circuit. А few of 
many ways which will readily suggest them- 
selves to the expert who applies шу invention 
are illustrated in Figs. 3,4, aud 5. In Fig. 3 
в transmitting system e 9 d is partly shunt 
са by a rotating wheel or disk р", which may 
be similar to that illustrated iu Fig. Land 
which cats out periodically а portion of the 
coll orcouductor st, or, if desired, bridges it by 
‘an adjastable condenser C*, thus altering the 
vibration of the ayatem e s лї suitable іс; 
tervals and causing two distinct kinds or 
‘lasses of impalses to be emitted іо rapid suo- 
cession by the sender. In Fig. 4a similar ro- 
sult is produced in the system e з* а“ by po- 
riodfeally short-cireuitiog, through an induc- 
tion-coil L* and a rotating diek D' with insu- 
lating aud conducting segments, a circait рі 
in inductive relation tosaid system. Again, 
in Fig. à three distinct vibrations аго caused до 
to be emitted by a aystem е sd, this renalt 
being produced by inserting poriodicall, 
number of turns of an induction-coll ТА 
ries with the oscillating system by means o 
а rotating disk В? with two projections p* р? 95 
and three rods or brushes п», placed at an ai 
glo of ouo hundred and twenty degrees réla- 
tively to each other. The three transinittiog 
systems or circuits thus produced may be en- 
егїгөй in the same manner as those ot Fig. 1 
orinanyotherconvenieat way. Correspond- 
ig to cach of theso cases the recoiving-sta- 
tion may be provided with two or three cir- 
cuits іо an analogous manner to that Illas- 
trated in Fig. 2, it being understood, of course, 
that the different vibrations or disturban. 
emitted by the sender follow in such rapid 
‘succession upon each other that they are prac- 
tically simaltancous so far as the oporation of 
such relays ns №’ and R'isconcernod. Evi- 
dontly, however, it is not necessary to employ 
two or шого receiving-cirenits, but a singlo 
cireuit шау be used nlsoat the recelving-ata- 
tion constructed and arranged like tho trana- 
mitting-cirenitsorsyatems illustrated in Figs. 
3, 4, and 5, in which casó tho corresponding 
disks, ns D° Ге Dé, at tho sending will bo 
п ip synchonism with thosoat tho гесе 
ing stations as far as may ђе nocessary to 
care the desired result; but whatever tho. 
ture.of tho specific devices eu 

be seon that tbo fundamental idéa in my.in- 
ventiou is the operation of а roceivor by the 
conjoint or resultant effect of, two or more 
circuits each tuned to respond exclusively to. 
waves, impulses, or vibratious of a coriali 
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kind ог class produced either simultaneously 
or succossivoly by a suitable transmitter. 

It will be seen fron а consideration of tho 
nature of the method hereinbefore described 
that the invention is applicable not only in 
the special manner described, in which the 
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transmission of tho impulses is 
through natasa? m: 
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доп of energy for any purpose and whatever 
the medium through which the impulses are 
conveyed. 

‘What I claim is- 

1. The method_of operating distant re- 
ceiverg which consi«tsin producing and trans- 
тїйїп a plurality of kinds or classes of elec- 
trical impulses or disturbances, actuating by 
the impulses or disturbances of each kind ог 
class one of а plarality of circuits tuned to 
respond to iwpulses of such kind or class and 
operating or controlling the operation of a 
receiver by the conjoint action of two v. more 
of said circuits, as set forth. 

2. Tho mothod of signaling, which consista 
in producing and transmitting a plurality of 
kinds or classes of electrical impulses or dis- 
turbances, developing by theimpulzes of each 
class a current п onc of n plurality of receiv- 
ing.circuits tuned to respond exclusively 
therevo and controlling by means of the con- 
joiut aotion of such circuits a local circuit, 
ва sot forth. 

3. Tho method ot signaling which consists 
1n producing a plurality of series of impulses 
or disturbances differing from each other in 
character and order of snecossion, exciting 
by tho impulsos of each serios ono of а plu- 
TAlity of recwving-circuits tuned to respond 
exclusively thereto and controlling by the 
conjoint action of such circuits а local cir- 
cuit, as aet forth. 

4. Tho method af signaling which consists 
in producing а ptarality of series of electrical 
impulses of different character, varying the 
timo interval between the omission of such 
impulses, exciting by tho impalses of each so- 
rios oni plurality of receiving-cireuits 
tunad to respond exclusively thereto and con- 
trolling by the conjoint action of such cir- 
nits a local circuit, as set-forth. 


onveying intelligible signals which 
in producing a plurality of electrical 
impulses of differentcharacter, developing by 
the impulses of exch kind я current in one 
of a plurality of receiving-cireuits tuned to 
respond exclusively thereto, controlling tho 
action or effect of tho transmitted impulses 
upon the recelving-cireuits by varying tho 
character of said impulses, and operating or 
controlling the operation of а receiver by the 
conjoint action of two or more of said receiv- 
ing-cirenits, as sot forth. 
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6. The method of transmittuingelectrical en- 
ergy which consists in producing a plurality 
of electrical waves or impulses of different 
periodicities, varying the order of transmis 
‘sion of the waves or impulses forming ele- 
ments of the signal sent, according as one or 
Another recelving-station is to be communi- 
cated with where (proper cirenit-closing mech- 
anism being provided at each receiving-sta- 
tion) the transmitted signal will be intelligi- 
ble at and only at the intended recoiving- 
station, 

7. Tae method of transmitting Intelligence, 
which consists in selecting and associating to- 
gether in predetermined order of succession 
two or moro electrically-genorated impulses 
of different periodicity, forming elements of 
signals to be seat, and transmitting such se- 
lected impulses with referenco to the conjoint 
action of both or all in the production of a 
signal at a distant point, substantially as set 

forth. 

8. Inasysteuoftelegrapby, wherein signals 
or messages arosent by tho uso of n plurality 
ofelectrical impulses of different periodicities 
And in я predetermined order of succession, 
the method of ascertaining at any particular 
station the varticular signal sont to that sta- 
tion, which consista In the selection, to form 
a sigoal, of cortain transmitted impulses of 
different periodicities and of a predetermined 85 
order of succession tothe oxclusion of all oth- 
ors, as set forth, 

9. The improvomentin the art of transmit- 
ting olectrical energy which consists in oper- 
ating or controlling a recelving mechanism 
by a series or group of electrical impulses of 
different periodicities and of a predetermined 
of sucession. 

10. In a systom for tho transmission of elec- 
trical energy, for sonding signals or messages 
to any опе of two or more receiving-stations, 
the method of transmitting the message with 
reference to the intelligible receipt thereof 
At tho desired station, which consists in the 
transmission of electrical waves or impulsos 
of different periodicities in varying order of 
traosmittal by а separato order or grouping 
of trausmittal for onch receiviog-station, 
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To all whom it may concern: 
Be it known that I, Nixota Testa, 

zen of the United States, residing 

borough of Manhattan. in Ше сиу, 


anty, 
and Slate of New York, have invented cer” 
tain new and useful Improvements m Appa 


atus. for Transmitting Electrical Energy. 
of which the following is a specification. ref 
erence being had to Ше ccom 


conductors and preventing 
their supports, or its escape into the amb 
nir, which always takes place when the elec- 
trie surface density reaches a certain valu 
The intensity of the effect of a transmi 
ting circuit with a free or elevated termin 
is proportionate to the quantity of electric- 
ity displaced, which is determined by the 
product of the capacity of the cireuit, the 
Pressure, and the frequency of the currents 
employed. To produce an electrica 
ment of the required magnitude и 
sirable to charge, the terminal as | 
possible, for while a great quantity of el 
tricity may also be displaced by a large 
capacity charged to low pressure, there are 
isadvantages met with їп many cases when 
the former is made too large. "The chief of 
these are due to the fact that an increase of 
the capacity entails a Towering of tho fre 
шенеу of the impulses or discharges and a 
iminution of the energy of vibration. This 
will be understood when it 1 borne in mind, 
that a circuit with a large capacity beh 
whereas one with a sn 
ts like a stiff spring, vibrating 
more vigorously. Therefore, i order to 
attain the highest possible frequency, which 
for certain purposes is advantageous and, 
apart from that, to develop the greatest 
energy in such a transmitting сігеші, I em- 
ploy а terminal of relatively small capacity, 
which I eharge to as high a pressure as pra 
ticable. То nccomplish this result I have 
found it imperative to so construct the ele- 
vated conductor, that its outer surface, on 
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which the electrical charge chiefly accumu- 
lates, has itself a large radius of curvature, 
ог ts composed of separate elements which, 
irrespective of their own radius of curva- 
ture, ate arranged in clos proximity to each 
other and во, that the outside ideal surface 
enveloping them is of a large radius. Evi- 
dently, the smaller the radius of curvature 
the greater, for a given electric displace- 
ment, will be the surface-density and, con- 
sequently, the lower the limiting pressure to 

а the terminal may be charged without 
electricity escaping into the air. Such а 
terminal 1 secure (о an insulating support 
entering more or less into its interior, and I 
likewise connect the circuit to it inside or, 
generally, at points where the electric den- 
sity issmall. "bis plan of constructing and 
supporting а highly charged conductor I 
have found to be of great practical impor- 
tance,and it may be usefully applied in many 


ма 

Weferring to the accompanying drawing, 
the figure is а view in elevation and part 
secticn of an improved free terminal and 
circuit of large surface with supporting 
Structure and generating apparatus, 

"The terminal D consists of a suitably 
shaped metallic frame, in this case a ring of. 
neatly circular cross section, which is cov. 
ered with half spherical metal plates P P, 
thus constituting a very large conducting 
surface, smooth on all places where the elec- 
trie charge principally accumulates. The 
frame is carried by a strong platform ex- 
pressly provided for safety appliances, in- 
Struments of observation, ete, which in turn 
fests on insulating supports F F. These 
should perime far into the hollow space 
formed by the terminal, and if the electric 
density at the points where they are bolted 
to the frame is still considerable, they m 
be paly protected by conducting hoods 
“ 


А part of the improvements which form 
the subject of this specification, the trans- 
mitting circuit, in its general features, із 
identical with that described and claimed in 
my original Patents Nos. 645,576 and 649,621. 
The circuit comprises а coil A which is in 
close inductive relation with a primary C, 
and one end of which is connected to а 

ound-plate E, while its other end is led 
гоп a separate self-induction coil B and 
а metallic cylinder В: to the terminal D. 
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The connection to the latter should always 
be made at, or near the center, in order to 
secure a symmetrical distribution of thecur- 
rent, as otherwise, when the fi E 
о very high and the flow of large 
performance of the apparatus might be im- 
paired Тһе primary С may be excited in 
any desired manner, from a suitable source 
of currents G, which may be an alternator 
10 or condenser, the important requirement 
being that the resonant condition is estab- 
lished, that is to say, that the terminal D is 
charged to the maximum pressure developed 
in the circuit, as I have specified in m: 
15 original patents before referred to. Thead- 
justments should be made with particular 
tare when the transmitter is one of great 
power, not only on account of economy, but 
also in order to avoid danger. I baveshown 
20 that it is practicable to produce in a resonat- 
ing circuit as E A B B’ D immense electri. 
ics, measured by tens and even 
hundreds of thousands of horse-power, and 
in such a case, if the points of maximum 
25 pressure should be shifted below the ter- 
minal D, along coil В, a ball of fire might 
break ont and destroy the support F or any- 
thing else in the way. For the better ар 
preciation of the nature of this danger it 
30 should be stated, that the destructive action 
may'take place with inconceivable violence 
This will cease to be surprising when it is 
borne in mind, that the entire energy accu- 
mulated in the excited circuit, instead of re 
35 quiring, as under normal working condi 
tions, one quarter of the period or more for 
its transformation from static to kinetic 
form, may spend itself in an incomparably 
smaller interval of time, at а rate of many 
40 millions of horse power Тһе accident is 
apt to occur when, the transmitting circuit 
being strongly excited, the impressed oscil 
lations upon it are caused, іп any manner 
more or less sudden, to be more rapid than 
45 tho free oscillations. It is therefore ad- 
visable to begin the adjustments with feeble 
and somewhat slower impressed oscillations, 
strengthening und quickening them grad- 
ually, until the apparatus has been brought 
under perfect control To increase the 
safety. provide on a convenient place, pref- 
erably on terminal D, one or more elements 
ос plates either of somewhat smaller radius 
of curvature or protruding more or less be- 
55 yond the others (in which case they may be 
of ldrger radius of curvature) so that, should 
the pressure rise to a value, beyond which it 
is not desired to go, the powerful discharge 
may dart out there and lose itself harmlessly 
inthe air. Such а plate, performing a func- 
tion similar to that of a safety valve on a 
high pressure reservoir, is indicated at V. 
+ Still further extending the principles 
underlying my invention, special reference 
is made to coil В and conductor В” The 
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latter is in the form of a cylinder with 
smooth or polished surface of a radius much 
larger than that of the half spherical ele- 
ments P P, and widens out at the bottom 
into a hood H, which should be slotted to 
avoid loss by eddy currents and the pur- 
pose of which will be clear from the fore 
going. The coil В ік wound on 
drum D' of insulating materi 
turns close together I have discovered that #5 
when so wound the effect of the small radius 
of curvature of the wire itself is overcome 
aad the сой behaves us a conductor of large 
radius of curvature-casresponding to that 
of the drum. This feature is of consider- 
able practical importance and 1s applicable 
not only in this special instance, but gen- 
erally. For example, such plates at P P. 
of terminal D, though preferably of large 
radius of curvature, need not be necessarily 
во, for provided only that tho individual 
plates or elements of a high potential con- 
ductor o termin arranged in pros- 
imuty to cach other and Br dar pute? 
boundaries along an ideal symmetrical en- 
veloping surface of a large radius of curva- 
ture, the advantages of Ше invention will 
be more or less fully realized Тһе lower 
end of the coil B—which, if desired, may 
be extended up to the terminal D—should 96 
be somewhat below the uppermost turn of 
сой А. This, T find, lessens the tendency of 
the charge to break out from the wire con- 
necting and to pass along the sup- 
ү. У 

Having described my invention, 1 claim: 

1. As а means for producing great elec- 
trical activities a resonant circuit having 
its outer conducting boundaries, which are 
charged to n high potential, arranged in 
surfaces of large radii of curvature so as 
to prevent leakage of the oscillating charge, 
substantially as set forth 

9. In apparatus for the transmission of 
electrical energy a circuit connected to 
ground and to an elevated terminal and 
having its outer conducting boundaries 
which are subject to high tension, arranj 
in surfaces of large radii of curvature sub- 
stantially as, and for the purpose described 

3 Tn a plant for the transmission of elco- 
trical energy without wires, in combination 
with a primary or exciting circuit а second- 
ary connected to ground and to an elevated 
terminal and having its outer conductin 
boundaries, which are charged to a hi 
potential, arranged in surfaces of large radii 
of curvature for the purpose of preventing 
leakage and loss of energy, substantially as 
set forth 5 

3. As a means for transmitting electrical 
energy to a distance through the natural 
media a grounded resonant circuit, com- 
prising a part upon which oscillations are 
impressed and another for raising the ten- 130 
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sion, having its outer conducting boundaries 
Which a high tension charge accumulates 
nged in surfaces of large radii of curva- 
substantially as described. > 
5. The means for producing excessive 
electric potentials consisting of a primary 
exciting circuit and a resonant seconda: 
having its outer conducting elements whi 
ure subject to high tension arranged in prox- 
imity to each other and in surfaces of large 
radii of curvature so as to prevent leakage 
of the charge and attendant lowering-of po- 
tential, sub: аз described. 

6. A circuit comprising a part upon which 
oscillations are impressed and another part 
for raising the tension by resonance, the 
latter part being supported on places of low 
electric density and having its outermost 
conducting boundaries arranged ip surfaces 
of large radii of curvature, as sot forth. 

7. In apparatus for the transmission of 
electrical energy withont wires a grounded 
circuit the outer conducting elements of 
which bave a great aggregate area and are 
arranged in surfaces of large radii of curve 
ture $0 as to permit the storing of a hig! 
charge at a small electric density and pre- 
vent loss through leakage, substantially as 
described. 
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8. A wireless transmitter comprising in 
combination a source of oscillations as а 
condenser, a primary exciting circuit and а 
secondary grounded and elevated conductor 
the outer conducting boundaries of which 
are in proximity to each other and arranged 
in surfaces of large radii of curvature, sub- 
stantially as described. 

9. In apparatus for the transmission of 
electrical energy without wires an clevated 
conductor or antenna having its outer high 
potential conducting or capacity elements 
arranged in proximity to each other and in 
surfaces of large radii of curvature so as to 
overcome the effect of the small radius of 
curvature of the individual clements and 
leakage of the charge, as set forth. 

10. A grounded resonant transmitting 
circuit having its outer conducting bound- 
aries in surfaces of large radii 
of curvature in combination with an ele- 
зей terminal of great surface supported 
at points of low electric density, substan- 
tially as described. 

NIKOLA TESLA. 


Witnesses: 
М. Гамкох Dre, 
Тисиаго Doxovax. 


Copies of this patent may be obtained for ave cents each, by addressing the “Commissioner of Patents, 


ington, D. С" 


зе 


25 


ae 


E 


N. TESLA. 
APPARATUS FOR TRANSMITTING ELECTRICAL ENERGY. 
APPLICATION FALED JAN.18, 1902. RENEWED MAT 4, 1907. 


1,119,782. Patented Dee. 1, 1914 


> Р 


1 
| H. 


55 eS 
тыл 72, INVENTOR, 
Neketa Жыла. 8 
, “афет т, у 
ё. s Poo M 
[e Ku. arronwers. 


VI 
TELEMECHANICS 


° 


5 


as 


зо 


35 


° 


45 


бе 


UNITED ‘STATES 


PATENT OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


METHOD OF AND APPARATUS FOR CONTROLLING MECHANISM OF MOVING VESSELS OR VEHICLES 


SPECIFICATION forming part of Letters Patent No. 013,909, dated November 8, 1698. 


Application Cad July 1, 


To all whom it may concern: 

Be it known tbat I, NIKOLA TESLA, a citi- 
zen of the United States, residing at New York, 
in the county and State of New York, have in- 
vented certain new and useful improvements 
in methods of and apparatus for controlling 
from a distance the operation of the propel- 
ling-engincs, the steering apparatus, and 
other mechanism carried by moving bocies or 
flonting vessels, of which the following is a 
Specification, referencobeing bad to the draw- 
ings accompanying and forming part of the 
sume. 

“The probiom tor which the veniou form- 
ipi the subject of my present application af- 
fords a complete and practicable solutio 
that of controlling from a given point the op: 
cration of the prope!ling-engines, the steer- 
ing apparatus, and other mechanisin carried 
Буа moving object, such as а bunt or оу 
floating vessel, whereby tbe movoments and 
course of such body ог vessel may be directed 
and controlled froin л distance and any de- 
vice carried by the samo brought into action 
at any desired time. So far as 1 am aware 
the only attempts to solve tbis problem which 
have heretofore met with any measure of sac- 
zess have been made in connection with a 
Certain class of versels the machinery of 
which was governed by clectric curredte con- 
veyed to the controlling apparatus through a 
flexible conductor; but this system is subject 
tonuch obvious limitations as are imposed by 
the length, weight, and strength of the con- 
ductor which can be practically used, by the 
difficulty of maintaining with safety a bigh 
speed of tho vessol or changing the direction 
of movement of the same with tbe desired 
rapidity, by the necessity for effectiog the 
control from a point which is practical'y Схед, 
and by many well-understood drawbacks in- 
ворагау connected with suchasystem. The 
plan which I have perfected involves none of 
these objections, for I am enabled by the use 
of my invention to employ any means of pro- 
pulslon, to impart to the moving body or ves- 
sel the highest possible speed, to control tho 
operation of its machinery and to direct its 
movements from either a fixed point or from 
body moving and changing its direction 
however rapidly, and to maintain this control 
over great distances withont any artificial 
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counections between the vessel and the ај 
paratus governing its movements and with- 
out such restrictions as these mustnecessarily 5 


impose. 
in а broad sense, поо, my invention dif- 
fers from all of those systems which provide 
for the control of the mechanism carried by a 
moving object and governing.its motion in 
that I require no intermediate wires, cablos, 
ог other form of electrical or mechanical con- 
nection with the object save the natural me- 
dia in space. I accomplish, nevertheless, 
similar results and ів в mnch more practica- 
ble manner by producing waves, ijnpolses, ог 
radiations which are received throogh tho 
earth, water, or atmosphere by suitable ap- 
paratus on the moving body and cause the 
lesired actions so long as the body remains 
within tbe active region or effective range of 
such currents, waves, impulses, or radiati 
"The many and difficult requirements of 
object here contemplated, involving pecull 
means for transmitting to a considerabl 
tance ап influence capable of causing li 
positive and reliable manner theso actions, 
necessitated the designing of devices and ap- 
paratos of a novel kind in order to utilize to 
the best advantage various facte or results, 
which, either through my own крнын. 
or those of others, hi n rendered prac- 
tically availabl 
‘As to that part of my invention which in- 
volves the production of suitable waves or 
variations and the conveying of the same to 
а remote receiving apparatus capable of be- 
iog operated or controlled by their influence, 
it may be carried out in various ways, which 
мге at the present time more or less under- 
stood. For example, I may pase through 8 
conducting-path, preferably incl ioga large 
idly-varying current and by elec- 
induction of the same affect a 
d by the moving body. In this gj 
case the action at a given distance will be the 
stronger the larger the area Ínclosed by the 
conductor and the greater the rate of chang: 
of the current. If the latter were generated 
in the ordinary ways, the rate of change, and 
consequently the distance at which theaction 
would be practically available for the present 
purpose, would be very small; but by adopt- 
ing such means as Т have devised—that is, 
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either by passing through theconduetiog-path 

currents of а specially - designed high- fre- 

quency altornator or, better still, those of a 

strongly-charged condeoser —в very high rate 
5 of change may be obtained and the effective. 
range of the influence thus extended over a 
vast area, und by carefully adjusting the cir- 
cnit on the moving body so as to be in exact 
electromagnetic synchronism with the р 
mary disturbances this influence may be ati 
ized at great distances. 

Another way to carry out my invention is 
todirect the currents or discharges of а high- 
frequency machine ог condenser through л 
15 circuit one terminal of which is connected 

directly or inductively with the ground and 
tho other to а body, preferably of large sur- 
face and at an elevation: In this case if the 
circuit on the moving body bo similarly ar- 
ranged or connected differences of potential 
оо the terminals of the circuit either by con- 
duction or electrostatic induction are pro- 
Guced and the same objectisattained. Again, 
to secnre the best action the receiving-circut 
‘should bo adjusted во as to be in electromay 
netic synchronism with the primary source, 

before; but in this instance it will be un- 
derstood by those skilled in the art tbat if the 
number of vibrations per unit of time be the 
samo tho circuit should now have a length 
of conductor only one-half of that used in the 
former case 

Still another way 15 to pass іше currents 
simply throngh the ground by connecting 
both the terminals of tbe source of bigh-fre- 
quency carrents to earth at different and re- 
moto points and to utilize the currents spread- 
ig through the ground for affecting а re- 
celving-circuit properly placed aud adjusted. 
«o Again, in this instanco if only one of the ter- 

milnals of the receiving-cirenit be connected 
to the ground, the other terminal being insu- 
Inted, the adjustment as to synchronism with 
the source will require that under otherwise 
equal conditio: ie length of wire be balf of 
that whieh would be used it both the termi- 
nals be connected or, generally, if the circuit 
be in the form of а closed loop or сой. Ob- 
viously also in the latter caso the relative po- 
sition of the receiving and transmitting cir- 
сона is of importance, whereas if tho circuit 
be of the former kind—that is, opeo—tbo 
relativo position of the circuits is, as а rulo, 
of little or no consequence. 

Finally, I may avail myself, 10 carrying out 
my invention, of clectrical oscillations which 
do not follow any particular conducting-path, 
but prophgate in straigbt lines through space, 
of rays. waves, pulses, or disturbances of апу 
kind capable of bringing the mechanisin of 
the moving body into action from a distance 
4 at the will of the operator by their effect 
ороп euitablo controlling devices. 

То the following detailed deseription I shall 
confine myself to an explanation of that 
method end apparatus ónly which I Бате 
found to be tho most practical and effeotz; 
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but obviously шу invention iu its broad fem 
tures is not limited to the special mode and 
appliances which 1 have devised and shall 
here describe. 

Та any event—that 1s to say, whichever of 
the above or similar plans I шау adopt—and 
particularly when the influence exerted from 
в distance upon the receiving-cireuit be. too 
small to directly and reliably affect and actu- 

te the controlling apparatus I employ auxil- 
inry sensitive relays or, generally speaking, 
menns capable of being brought into action 
by the foeblest influences in order to effect 
the coutrol of the movements of the distant 
body with the least possible expenditure of 
energy and at the greatest practicable dis- 
tance, thos extending the range and useful 
ness of шу invention. 

‘A great variety of electrical aud other de- 
vices more от less snitable for the purpose of 
detec ing and utilizing feeble actions are now. 
well known to scientific men abd artisans and 
need not bo all enumerated here. Confimiog 
myself merely to the electrical as the most 
practicabie of such means and referring only 
to those which, while not the most nensitive, 
are perhaps more readily available from the 
more general knówledge which exists regard- 
ing them, T may state that а contrivance may 
be used which has long boon known and uset 
as a lightning-arrester in connection with 

lephono-switch boards for operating annun- 

tors mmc like devices, comprising n bat- 
tery the poles of which are сорпесіёй to two 
conducting-termindly separated by a minnto 
thickness of diclecitie. Tho electromotive 
force of the battery should besuch as tostrain 
the thin dielectric laver vory nearly to the. 
point of breaking down in order to increase 
the sensitiveness. When an electrical dis- 
turbance reaches a circuit so armnged and 
adjusted, additional straip is put upon tho 
insulatiog-film, which gives way and allows 
the passage of a current which can be util- 
ized to operate any form of circuit-controlliog 
apparatus. 

Again, another contrivance capable of be- 
ing utilized in detecting feeble electrical ef- 
fects consista of two conducting plates or ter- 
minals which have, preferably, wires of somo 
length attached to them nad are bridged by 
а mass of minute particles of metal or other 
conducting material Normally theso par- 
ticles lying loose do not connect the motal 
plates; but under the influence of ac elec- 
trical disturbance produced at a distance, 
ovidently owing to electrostatic attraction, 
they are pressed §raily against each other, 
thus establishing а good electrical connection 
between the two terminals. This change of 
state may be made use of in a number of ways 
for the above purpose. 

Still another modified device, which may 
be said to embody the features of both the 
former, is obtained by connecting the two 
conducting plates ortorminals abovo referred 
to permanently with the poles of в battery 
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which should be of very constant electromo- 
tive force. Io this arrangement a distant 
electrical disturbance produces a twofold ef- 
fect on the conducting particles and insulat- 
5 ing-films between them. The former are 
brought nearer to each other Їп consequence 
of the sudden increase of electrostatic attrac- 
tion, and the latter, owing to this, as well as 
by belng reduced in thickness or in number, 
лге subjected to а much greater strain, which 
they aro unable to withstand. 
+ It will be obviously noted from ihe pre. 
ceding that whichever of these or similar 
contrivances be used the sensitiveness and, 
15 what is often still more important, the reli- 
ability of operation із very materially in- 
creased by а close adjustment of the periods 
of vibration of tho transmitting and recciv- 
ing circuite, and, although auch adjustinent 
is in many cases unnecessary for the succoss- 
fal carrying out of my invention, I neverthe: 
less make ita rule to bestow upon this fea 
ture the greatest possible саге, not only bo- 
Causo of the above-mentioned advantages, 
which aro secured ice of the 
most favorable conditions in this respect, but 
also and chiefly with the object of prevent- 
ing tho receiving-cirevit from being affected 
by waves or disturbances emanating from 
sources not under the coatrol of the operator. 
The narrower the range of vibrations which 
are still capable of perceptibly affecting the 
receiving-cireuit the safer will the latter be 
against oxtraueons disturbances. “Го securo 
the best result, it is necessary, as is well 
known to experts, to construct the receiving- 
circuit or that part of the same in which the 
vibration chiefly occurs зо that it will have 
the highest possible self-induction and at the 
same time tbe least possible resistance. In 
tbistnanuorIbavedemonstrated the practica- 
bility of providing t eat nombor of euch ro- 
ceiving-circuits—fifty ora hundred,or more— 
each of which may be called up or brought 
уз iatoaction whenever desired without the oth- 
ors being interforcd with. ‘This result makes 
it possible for one operator to direct simul- 
taneously the movements of a number of 
bodies аз well as td control the action of a 
number of devices located on the same body, 
ench of which may have a distinct duty to 
fulfil. In tho following description, bow- 
ever, I shall show astill further development 
in this direction—bamely, how, by making 
uso of merely one receiving-circuit, a great 
variety of dovices may be actuated and апу 
number of different functions performed at 
the will and command of the distant oper- 
мог 
Tt should be statea iu uuvance in regara to 
tle sensitive devices above mentioned, which 
тау be broadly considored вв belonging to 
оле class, inasmuch as the operation of all 
of them involves the breaking down of a 
minute thickness of highly-strained dielec- 
tric, that it is necessary to make some provi- 
siou for automatically restoring to thedielec- 
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tric its original unimpaired insulating quali- 
ties in order to enable the device to be used. 


in successive operations. This is usually ac- 7o 


complished by а gentle tapping or vibration 
of the electrodes or particies or continuous 


rotation of the same; but in long experience 
with many forums of these devices! have found 


\eceeding effects produced 
in the receiving-circoit shopld differ 
gard to their relative duration only, in which 
case it is of little or no consequence if some 
of the individual effects be altered or incom- 
plete or even entirely missed, do not yield 
satisfactory results in many instances, when 
it may be very important that the effects pro- 
duced should all Бө exactly such as desired 
and that nono should fail. To illustrate, let 
it be supposed that an official directing t 
movements of a vessel in the manner di 
scribed should find it necessary to bring int 
action a special device on the latter or to рег. 
form a particular operation, porhaps of vital 
moment, at an instant’s notice and possibly 
when, by desiga or accident, the vessel itself 
ог апу mark indicating its presence is hidden 
from his view. In this instance a failure or 
defective action of any partof the apparatus 
might have disastrous consequences and such’ 
enses in wbich tho sure and timely working 
of the machinery is of paramount Importance 
may often present themselves in practice, and 
this consideration has impressed me with the 
necessity of doing away with the defects in 
the present devices and procedures and of 
producing an apparatus which while being 
sensitive will also be most reliable and posi- 
tive in Из action. Ia thearrangomont here- 
inniter described these defects аге overcome 
in a mostsatisfactory manner, enabling thou- 
sands of successive operations, in all respects 
alike, being performed by the controlling ap- 
ratus without a single irregularity or miss 
Being recorded, Fora better understanding 
of these and other details of the invention аз 
T now carry them out I would refer to the ac- 
companying drawings, in which— 

Figure 118 a plan view of a vessel and 
mechanism within thesame. Fig. is alon- 
gitudinal section of the same, showing the | 
terior mechanism in sideclevation. Fig. 3is 
plan view, partially diagrammatical, of the 
vessel, apparatus, and circuit connections of 
the ваше. Fig. 4 is a plan view, on an en- 
larged scale, of a portion of tho controlling 
mechanism. Fig. 5 is an end view of the 
same. Fig. 6 shows the same mechanism io 
side elevation. Fig. 7,is а side view of а de- 
tail of the mechani Fig. 8 is а central 
sectional view, оп a larger scale, of a sensitive 
device forming part of the receiving-cireuit, 
Fig. 9 isa diagrammatic illustration of the 
system in its preferred form. Fig. 10 is a 
viow of the various mechanism employen 
but ор a larger scale, and leaving out or indi 
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eating conventionally certain parts of well- 
understood character. 


Referring to Figs. 1 and 2, A designates apy 
typo of vessel or vehicle which is capable of 
being propelled and directed, such as в boat, 
а balloon, or a carriage. It may be dosigaed 
ty carry in а suitable compartment В objects 
of any kind, according to the nature of the 
uses to which it is to be applied. The 
sel—in this instance a boat—is provided with 
suitable propelling machinery, which isshown 
эз comprising a screw-propeiler C, secured to 
theshaftof an electromagnetic motor D, which 
derives its power from storage batteries Е E. 
ЕЕ. Io addition tothe propelling engino or 
motor the boat carries also a small steering- 
motor F, the shaft of which 18 extended be- 
yond its bearings and provided with a worm 
Which meshes with а toothed wheel С. This 
latter is fixed toa sleeve b, freely movable on 
n vertical rod IT, and is rotated іп onv or the 
other direction, according to the direction of 
rotation of the motor 

‘The sleeve b on rod TI is in gear, through 
the cog-whieels II’ aud 1”, with a spindle б, 
mounted in vertical bearings at the stem of 
the bont and carrying the rudder Е. 

‘Tho apparatus by moans of which the op- 
eration of both the propelling and steering 
mechanismsjs controlled involves, primarily, 
a receiving-circuit, which for reasons before 
stated is preferably both adjusted and ren- 
dered seusitive to the influence of waves or 
impulses emanattog from a remote source, 
the adjustment being so that the period of 
oscillation of the circuit is either the samo as 
that of tho sourco or a harmonic thereof. 

‘The receiving-eircuit proper (diagrammat- 
ically shown in Figs. 3 пой 10) comprises a 
terminal F’, conductor С', п reusitivo device 
, and azohductor A”, leading to the ground 
conveniently through'a connection ‘to the 
metal.keel li of tho vessel. ‘The terminal К” 
ould present д large conducting-surface 
d should be supported as high as praetica- 
ble onastandard Dy, which fs shown ва broken. 
in Fig. 2; but such’ provisions are vot always 
neozssary. It is important to insulate very 
well the conductor С in whateverinanuer it 
bo supported. 

‘The circuit or path just reforred to forms 
also n part of a local circuit, which latter iu- 
cludes л relay-magnet a and a battery a’, the 
electromotive force of which is, as before ex- 
plained, во determined that although the di- 
electric Inyors in the sensitive device A’ are 
subjected to a great strain, yet normally they 
withstand tho strain and nd appreciable cur- 
rent flows through the local circuit; but when 
an electrical disturbance reaches the circuit. 
the dielectric films are broken down, tho re- 
sistanco of the device A’ is suddenly and 
greatly dimin'shed, and a current traverses 
the relay-iaguet 
45 Tho particular sensitive device employed 

ig shown in general viows and in detail in 

Figs. 4, 6,7, and S. It consists of a'metal 
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cylinder c, with insulatiog-hends с, through 
which passes а central metallic rod с". А 
small quantity of grains d of conducting ma- 

‘such аз an oxidized metal, is placed in 
inder. A metallic strip d. secured to 
an insulated post d", bears against the side 
of the cylinder c, conoecting it with tbe con- 
ductor С, forming one part of the circuit. 
‘The central rod c" is connected to tho frame 
of the instrnment and so to the other partof 
the circuit through the forked metal arm e, 
the ends of which are fastened with two nuts 
to the projecting ends of the rod, by which 
means the cylinder с із supported. 

In order to interrupt tbe flow of battery- 
current which is started through tho action 
of tbe sensitive device А’, special means nro 
provided, which are as follows: Thearmatare 
2 of the magneta, when attracted by the lat- 
ter, closes a circuit containing a battery b' and 
magnetf. Thearmature-lever f" of this mag- 
not is fixed to a rock-shaft f”, to which is 
cured an anchor-eseapement 0, which con- 
trols the movements of a spindlo g', driven by 
aclock-train K. The spindle 9” has fixed to 
it a disk g” with four pins”, so that for each 
oscillation of the eseapement g the spindle ү" 
is turned through one-quarter of a revolu- 
tion. One of the spindles in the clock-train, 
аз Л, is geared so as to make one-half of 
revolntion foreach quarter-revolution of spi 
dlo g'. Tho end of the former spindle ex- 
tends thi 


through 
side of tho frame. 


Tho forked arm e, which 
supports the cylinder с, is pivoted to tho end 


of eccentric W’, and the eccentric and sald 
arm are connected by a spiral вргїп 1. Two 
pios č i extend out from the lever A", and 
One of theso is always in the path of a pro- 
jection oo arm e. "They operate to preven 
the turning of cylinder c with the spindle h 
And the eccentric. . It will be evident that a 
half-revolution of the spindle h will wind up 
tho spring / and at-tho same time raise v 
lowor the lever A", and theso parts are в›аг 
ranged that jost before the half-revolution of 
the spindlo is completed the pin г, in engage- 
ment with projection or stop-pin p, is with- 
drawn from its path, and tbe cylinder с, oboy- 
ing the forco of the spring i, is suddenly 
turned end for end, its motion being checked 
by tho other piu i. The adjustment rela- 
tively to armature f^ of magnet f із further- 
more so made that Шері 4 is withdrawn at 
the moment when the armature bas nearl; 
reached its extreme position in its approach 
toward tho magaet—that is, when tho A 
which carrics the armature /", almost touches 
the lower ono of the two stops s s, Fig. 5— 
which limits its motion in both directions. 
Tho arrangement just des: has been 
the result of long experimenting with tbe ob- 
joct of overcoming certain defects in devices 
of this kind, to which reference has been 
made before. - ‘These defects I have found to 
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be due to many causes, as the uneqnal size, 
weight, and shape of the grains, the unequal 
pressure which results from this and from the 
manner in which the grains are usually agi 
5 tated, the lack of uniformity in the conduc- 
tivity of the surface of the particlesowing t 
the Varying thickness of the superficial oxi- 
dized layer, the varying condition of the gas 
or atmosphere in which the particles are im- 
mersed,nnd tocertain deficiencies, well known 
to experts, of the transmitting apparatus аз 
heretofore employed, which are in а large 
measure reduced by the nse of my improved 


10 


high-frequency coils. ‘Todo away with the 
defects in the sensitive device, I prepare the 
particles so that they will be in all respects 
As nearly alike as possible. They are manu- 
facturedi 


by aspecial tool, insuring theirequal- 
ze, weight, and shape, and are then 
ly oxidized by placing them for a 
given time in ап acid solution of predeter- 
mined strength. This secures equal conduc- 
tivity of tbeir surfaces and stops their further 
deterioration, thus preventing a change in 
the character of the gas in the space in which 
Шоу are inclosed. I prefer not to rarefy the 
atmosphere within the sensitive device, as 
this ns the effect of rendering tho former 
less constant in regard to its dielectric prop- 
erties, but merely secu: i 

of tho particles and rigorous 
ture, which is fatal to satisfactory working. 

‘The normal position of the cylinder сїз ver- 
tical, and when turned in tho manner de- 
scribed the grains in it aro simply shifted 
from one end to tho other; but inasmuch as 
they always fall through the same space and 
fare subjectod to the same ngitation they are 
brought after each operation of the relay to 

ly the same electrical condition and 
the same resistaace to the flow of the 
battery-current until another impulse from 
afar reaches the receiving-cireuit, 

The relay-magneta should be of such char- 
acter as to respond toa very weak current and 
yet bopositivein itsnction. ‘To insure tho re- 
traction of itsarmaturee’ after thecurrent has. 
been established through the magnet fand 
interrupted by the inversion of the sensitivo 
device c, a light rod k is supported in guides 
on the frame in position to be lifted by an ex- 
tension 27 of the armature-lever and to raise 
slightly Ше armature е. As a feeble current 
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gnet a, which would be 
gh not draw tho arma- 
ture down, it is well. to observe this precau- 
tion. 

Tho operation of the relay-magnet a and 
Шо consequent operation of the electromag- 
uot f, as above described, are utilized to con- 
trol the operation of tho propelling-engine 
and the steering apparatus in the following 
manner: On the spindle g^ which carries the 
5 escapement-disk g”, Figs. 4 and б, is а eyl- 

indor j of insulating material with a conduct- 

ing plate or head at each end. From these 
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two heads, respectively, contact plates or seg- 
ments j` extend on diametrically opposite 
sides of thecylinder. The plate "is in elec- 
trical connection with the framo of the in- 
strument through Ше head from which it ex- 
tends, while insulted strips or brushes J J' 
bear npon the free end or head of the cylin- 
der and the periphery of the same, respec- 
tively. Three termin, hus provided, 
опе always in connection with plate 7, the 
other always in connection with the plate j^, 
and the third adapted to rest on the strips j 
and j” in succession or upon the intermediate. 
insulating-spaces, according to the position 
which the commutator is brought by the 
clock-train and the auchor-cscapement g. 

K' K”, Figs. 1, 3, and 10, aro two relay- 
magnets conveniently placed in the rear of 
lling- engine. One terminal of а 
із connected to one end of each оГ 
-coils, the opposite terminal to Ше 
brush J’, and the opposite ends of the relay- 
coils to the brush J aud to the framo of tho 
lostrument, respectively. Ава consequence 
of this arrangement either the relay K' or К”. 
will be energized as the brush J’ bears upon 
the plate j' or j”, respectively, ог both relays 
will be inactivo while the brush J’ bears upon 
an insulating-space between tho plates j and 
7. While ono relay, as K’, is energized, its 
‘armature closes a cireuit through tho motor 
F, which is rotated іп a direction to throw Ше, 
rudder to port. - On the other hand, when re. 
lay K” is active another circuit through the 
motor F із closed, which reverses its direc- 
tion of rotation and shifts the rudder to star- 
board. "These circuits, however, are at the 
Same ‘ime utilized for other purposes, and 
their course is, іо part, through apparatus 
which I shall deseribe before tracing their 
course. 

The fixed rod H carries an insulating disk 
or bead L, Fig. 2, to the under side of which 
are secured six Droshes, 1, 2, 3, 4, 5, and G, 
Fig. 3. The sleeve 0, which surrounds tho 
rod and is turned by tho stecring-motor F 
carries а disk L’, upon the upper face of 
which are two concentric circles of conduct- 
ing covtact-plates. Brushes 1, 2, 3, and 4 
bear upon Ше inner circle of contacts, whilo 
the brushes 5 and 6 bear upon the outer cir- 
cle of contacts. ‘The outer circle of contacts 
comprises two long plates 7 and 8 on opposite 
sides of the disk and a series of shorter 
plates 9, 10, 11, 12, 13, and 14 in tho front 
and rear. Flexible conductors / l” connect 
the plates 7 and 8 with the terminals of the 
propelling - motor D, and the poles of the 
main battery E are connected to the brushes 
5 ава б, respectively, so that while the rudder 
is straight or turned up to a certain angle to 
either side the current is conveyed through 
the brushes 5 and 6 and segments 7 and 810 
the propelling-motor Р. ‘The steering-motor 
F is also driven by current taken from the 
main battery E in the following шаш 
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leads to one of the commutgtor-vrushes, and. 

from the other brush runs a conductor 16 to 

one of the contacts of ench relay Ж”, 

When one of these relays, аз K”, is active, it 
5 continues this circuit through a wire 19 
through one field-coil or set of coils on the 
motor F and thence to the brush 1. In a 
similar manner when the other relay К' is 
active the circuit is continued from wire 18 
through a wire 20, the second or reversing 
set of field-coils, and to brush 2. 

Both brushes 1 and 2 at all times when the 
rudder is not turned more than about forty- 
five degrees to one side are in contact with a 
long conducting: plate 21, and ove brush in 
any position of the rudder is always in con 
fact with said plate, and the latter is con- 
nected by floxible conductor 22 with the op- 
posite pole of the main battery. Hence the 
motor F may always be caused to rotate 
one direction whatever may be the position 
of the rudder, and may be caused to rotate 
in either direction whenever the position of 
tho rudder is less than a predetermined an- 
25 glo, conveniently forty-five degrees from the 

Centor position. In order, however, to pre- 
vont the rudder from being turned too far in 
either direction, the isolated plate 23 is used. 
Any movement of the rudder beyond a pro- 
otermiued limit brings this plate under oue 
or tho other of the brushes 1 2 and breaks 
the cireuit of motor. F, во that the rudder ean 
bo driven no farther in that direction, but, 
аз will bo understood, the apparatus із in 
condition to turn the rudderoverto the other 
side, In like manner Шо circuit of the pro- 
pelling-motor D iscontrolled through brushes 
5 nnd 6 and the segments on the outer circle 
of contacts of hend L. 14 the short segments. 
on either sido of the eirclo are insulated, the 
motor D will be stopped whenever one of tho 
brushes 5 or 6 passes ont. oue of them from 
the larger segments 7 8. 

It is important to add that on all contact- 
аз points where a break occurs provision should 

о made to overcome the sparking and pre- 
vent the oscillation of electrical charges in 
the circuits, as such sparks aud oscillations 
may affect the sensitive device. It is this 
consideration ehielly which makes it advis- 
able to use the two relays K’ K”, which other- 
wiso might be dispensed with. "They should 
bo also placed as far as practicable from the 
sonsitive device in order to guard the latter 
against any action of strong varying currents. 

In addition to the mechanism described the 
vessel may carry any other devices or арра- 
ratus as might be required for accomplishing 
шу special object of more or less 
By way of illustration a small 
shown, Figs. 1 and 3, which conveniently 
serves for a number of purposes. ‘This motor 
is shown connected in series with the arma- 
ture of the stecring-motor F, so that when- 
ever either опе of the circuits of the latter is 
closed through relay the motor m is 
likewise rotated, but in all cases in the same 
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direction. Its rotation is opposed by a sp 
m’, so that in normal operation, owing to the 
fact that the circuits of motor F are closed 
but a short time, the lever m”, which is fas- 
tened to one of the wheels of clockwork M, 
with which the armature of the motor is 
geared, will move but a short distance aud 
upon cessation of the current return toastop 
Р; but if the circuits of tho motor Е a 
closed and opened rapidly in succession, which 
operation leaves the rudder unaffected, then 
the lever m"ismoved toa greaterangle, com- 
ingin contact үй а metal plate n, and finally, 
И desired, with a post n’. Ороп the lever m” 
coming in contact with plate н tho current 
of the main battery passes either through one, 
ог other or both of th 
standards q q, according io tho position of 
brushes 2 aud 4 relatively to the insulating- 
segment 23; but since the head L, carrying 
the segments, is geared to tho rudder the po- 
sition of tho lattor is in а general way deter- 
mined by observing the lights. Both of the 
lights may be colored, and by flashing them 
up whenever desired the operator шау guido 
at night tbo vessel in iis course. For such 
purposes also the standards » rare provided, 
which should be painted in lively colors, во 
аз to be visiblo by day at great distances. 
By opening and closing the circuits of motor 
Ра greater number of times, preferably do- 
termined beforehand, the lever m” is brought 
n contact with post 1’, thus closivg the cir 
cui of the main battery through a device o 
and bringing Ше latter into action atthe mo 
ment desired. Dy similar'contrivances or 
such as will readily suggost themselves to 
mechaniciansany number of diferent devices 
may be operated. 
Totorriog now to Fig. 9, which illustrates 
diagrammatieally tho system as practiced 
when directing the movements of a bout, 
this figure S designates any source of olec- 
trical disturbance or oscillations the genera- 
tion of which iscontrolled bya suitable switch 
contained in box'T. ‘The haudloof theswiteh 
is movable in one direction only and stops on 
four points (Ги w', so that as the handle 
passes from'stop to stop oscillations are pro- 
duced by the source during a very short time 
interval. ‘There are thus produced four dis- 
turbanees during one revolution aud the ro- 
ceiving-cireuit is affected four times; but it 
will be understood from the foregoing deserip- 
tion of the controlling devices on the vessel 
that the ruddor will be moved twico, once to 
rightand oncetoleft. Now.I preferably place 
the bandle of the switeh so tliat when it is ar- 
rested on points ( —that is, to the right or 
left of the operator—he is reminded that the 
vessel is being deflected to the right or left 
from its course, by which means the control 
is facilitated. ‘The normal positions of the 
handle are therefore at u u' when the rudder 
is not acted upon, and it remains on the points 
uw only so long as necessary. Зоо, аз be- 
fore stated, the working of ihe apparatus is 
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жегу sure, the operator is enabled to perforin 
any such operations as provision is made for 
without even secing Ше vessel. 
‘The manner of using the apparatusand the 
5 operation of the several instrumei 
comprising the same is im detail as follows: 
Nornally the plate L' is turned so that brash, 
2 reste upon the insulated “segment 23 and 
brush 6 upon one of the insulated short seg- 
ments in the rear of thecircle. Underthese 
conditions the radder will be turned to star- 
board and the circuit of motor D interrupted 
between brushes 5 and 6," At the same time 
only one of the circuitsof motor F—that con- 
trolled by relay capableof being closed, 
sinco brush 2, which connects with the other, 
is out of contact with the long segment 21. 
Assuming now that it is desired to start the 
vessel and direct it to A given point, the han- 
dlo T is turned-from its normal position on 
point w to the point £ on tho switeh-bos. 
This sends ont an electrical disturbance, 
which, passing through the recciving-circnit 
оп tho vessol, affects the sensitive device A’ 
nnd starts the flow of current through the lo- 
елі circuit, including said device, the relay a, 
and tho battery а’. This, as has been pre- 
viously explained, turns the cylinder j and 
Gases the brush J^ to pass from insulation 
onto the contact. The battery k” is thus 
closed through relay K”, and the latter closes 
that circuit of the motor F which, starting 
from plate 22, which is permanently con- 
nected with ono pole of the main battery, is 
completed through the brush 1, the Geld’ of 
motor F, wire 19, the armature of relay К”, 
wire 16, tho motor m, the brushes and com: 
mutator of motor F, and wire 15 to the oppo- 
site terminal of the battory E. Motor F ls 
до thus set in operation to shift tho rudder to 
> port; but the movement of plate L' which 
follows brings the brush 6 back onto segment 
8 and closes the circuit of the propelling-mo- 
tor which starts the vessel. The motor F is 
permitted to run until the rudder has been 
turned sufficiently to steer the vessel in the 
desired direction, when the handle Tis turned 
tothe pointu. ‘This produc 
of the relay а and brush J'is shifted onto 
insulation and both relays K' and i 
active. The rudder remains in the posi 
to which it has been sbifted by the motor F. 
If it be then desired to shift it to starboard, 
or in the opposite direction to that in which 
it was last moved, the handle T is simply 
turned to point / and allowed to remain there 
until the motor F, which’ із now operated 
by relay К’, the circuit of which is closed 
by strip J coming into contact with plate 
6977, has done its work. The movement of 
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relays K' and K”, and tho next movement 
causes а shifting of the rudder to port; and 
soon. Suppose, however, that after the rud- 
дог Ваз been set at any angle to its middle 
position it be desired to shift it still farther 
Та the ssmedirectio. Та such сазо ће han- 
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dle is moved quickly over two points, so that 
the circuit which would move the radder іш 
the opposite direction is closed for too short a 
time interval to produce an appreciable ef- 
fect and is allowed to rest on the third point 
until the rudder is shifted to the desired ро- 
sition, when tho handlo їз moved to tho next 
point, which again throws ont both relays K’ 
and K". It will be understood that if the 
handle be held for a sufficiently Icng time 
upon eter point ог the motor ¥ will sim 
ply turn the plate L’ in one direction or the 
other until the cireuits of motors D and F are 
broken. It is furthermore evident that one 
relay К' or will alwavs be operative to 
start the motor F, 

‘As previously explained, the longest period 
of operation of which the motor F is capable 
under ordinary conditions of use does not 
permit the motor m to shift tho arm ту into 
Contact with the plate n; but if the handle 
Т be turned with a certain rapidity a series 
of current iopalses will be directed tbrough 
motor m; but as these tend to rotate the 
motor F in opposite directions they do not 
sonsibly affect the latter, but act to rotate 
the motor m against the force of the coiled 
spring. 

‘The invention which Ihave described will 

rove useful in many ways. Vessco or vo- 

icles of any suitable kind may be used, as 
life, despatch, or pilot boats or the like, or for 
carrying letters, packages, provisions, in- 
struments, objects, or materials of any do- 
scription, for establishing communication 
with ioaccessible regions aad exploring tho 
conditions existing in thesame, for killing or 
capturing whales or other animals of thosea, 
And for тару other scientific, engineering, or 
‘purposes; but the greatest value. 
of my invention will result from its offect 
‘pon warfare aud armaments, for by reason 
of ita certain and unlimited destructiveness 
it will tend to bring about and maintain por- 
manent pence among nations. 

Having now described my invention; what 
Telaim is— 

1. The improvement in tho art of control- 
ling the movements and operation of vessel 
ог vehicle herein described, which consists in 
producing waves or disturbances which aro 
conveyed to the vessel by the uatural media, 
actuating thereby suitable apparatus on tbo 
vessel and cffecting the control of the pro- 
pelling-engine, the steering and other mech- 
anisin by the operation of the said apparatus, 
as set forth. 

9. The improvement in the art of control- 
ling the movements and operation of a vessel 
or vehicle, herein described, which consists 
in establishing a годіоп of waves or disturb- 
ances, and actuating by their inilnenco ex- 
erted at a distance the devices on such vessel 
or vehicle, which control the propelling, steer- 
ingand other mechanism theroon, as set fort 

The improvoment in the art of conti 

o movements and operation of a 7226) 
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ог vehicle, herein deseribed, which consists. 
in establishing a region of'electrical waves ог 
disturbances, nnd actuating by their influ- 
ence, exerted at a distance, the-devices on 
5 said vessel or vehicle, which control the pro- 
pelling, steering and other mechanism there- 
оп, as sot forth. 
4. The improvement in the art of control 
livg the inovements and operation of а vessel 
vehicle, herein described, which consists 
providing on the vessel a cireuit control- 
ling the propelling, steering and other mech- 
anism, adjusting or rendering such circuit 
sensitive to waves or disturbances of n defi- 
nite character, establishing а region of such 
waves or disturbances, and rendering by i 
menus the controlling-cireuit active or inac- 
tive, as set forth. 

5. The combination with a source of elec- 
trical waves or disturbances of a moving ves- 
sel or vehicle,and mechanism thereon for pro- 
pelling, steering or operating the same, and a 
controlling apparatus adapted to be actusted 
by the influence of the said кауез ог dis- 
25 turbances ata distance from tbe source, as 

set forth. 

6. ‘The combination with a sourco of elec- 
trical waves or disturbances of a moving ves- 
sel or veniele, mechanism for propelling,steer- 

ng or operating the same, a circuit and means 
therein for controlling said mechanism, and 
means for rendering said circuit active or in- 
active throngii the infiuenceof thesaid waves 
or disturbances oxerted ata distance from the 

15 Source, as set forth. 

7. The combination with a source of elec- 

trical waves or disturbances and means for 
starting and stopping Ше same, of a vessel or 
хеее, propelling and steering mechanism 
carried thereby, a circuit containing or con- 
nected with means for controlling the opera- 
tion of said mechanism and adjusted or ron- 
dered sensitive to the waves or disturbances 
of the source, ax set forth. 
45 8. The combination with a source of elec- 
trical waves or disturbances, and means for 
Harting and stopping the operation of the 
same, of a vessel. or vehicle, propelling and 
Atooring mechaniam carried thereby, local cir- 
сойз controlling said mechanisms, a circuit 
sensitive to the waves or disturbances of the 
source and means therein adapted to control 
the said local circuits, asand for the purpose 
set fortli. 
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9. The sensitive device herein deseribed 55 

"д in construction a receptacle con- 
'aterialsuch as particles of oxidized 
metal forming а part of thecircuit, and means 
for turning the same end Гог end when 6 . 
material has been rendered active by the pas- бо 
sage through it of an electric discharge, as 
set forth 

10. The sensitive device herein described, 
‘comprising in combination a receptacle con» 
taininga materialsuch as particlesof oxidized 
metal forming n part of An electric circuit, 
an electromagnet in said cirenit, nnd devices 
controlled thereby for turning the receptacle 
end for end whea said magnet is energized, 
as set forth. 

1l. The sensitive device herein described, 
comprising in combination a receptacle con- 
taining a material such as particlesof oxidized 
metal forming part of au electric circuit, a 
motor for rotating the receptacle, an olectro- 75 
magnet in cirenit with the material, and an 
escapement controlled by said mi 
adapted to permit a half-revolution 
ceptacle when the said magnet is energized, 
as set forth. 

The combination with п movable body 

or vehicle, of a propelling-motor, a steering- 
motor and electrical contacts carried by а 
moving portion of the steering mochauism, 
and adapted in certain positions of the latter 85 
to interrupt the circuit of the propelling-mo- 
ior, a local timuit and means connected 
therewith for controlling the steering-motor, 
and a circuit со го од the імейі circuit ang 
ineans for rendering said controlling-cireuit 
sensitive to the influence of electric waves or 
disturbances exerted at a distance from their 
source, at set forth. 

13. The combination with the steering-mo- 
tor, a local circuit for. directing current 95 
through the same in opposite directions, a 
controlling-eireuit rendered sensitive to the 
influence of electric waves or disturbances ex- 
erted at a distance'from theirsource, a motor 
in circuit with the steering-motor but adapt- 
ed to run always in tho same direction, and 
а local circuit or circuits controlled by said 
motor, as set forth. 


$5 


1 


9o 


to 


NIKOLA TESLA. 


tnessos: 
ЖАРНАНЫ, NETTER, 
GEORGE ЗСНЕВРР. 


Бі 
No. 613,809 Patented Nov. 8, 1898. 
N. TESLA. 
METHOD OF AND APPARATUS FOR CONTROLLING MECHANISM OF MOVING VESSELS 
OR VEHICLES. 
aspicio tt Tài 1, 1808) 


СҮ 5 Shette- Sheet 1. 
^ 
Wetaesses: роет 
Е Abe ша. 


Р-372 


No. 613.809 Patented Ноу. 8, 1898. 
Н. TESLA. 


METHOD СГ AMD APPARATUS.FOR CONTROLLING MECHANISM OF MOVING VESSELS 
OR VEHICLES. 


пэ adel.) 


P-373 
No. 613,809. Patented Nov. 8, 1898. 
Н. TESLA. 
METHOD OF AND APPARATUS FOR CONTROLLING MECHANISM OF MOVING VESSELS 
OR VEHICLES. 


Application fied зиду 1, 1808) 
(o Model.) 5 Sheets Sheet 3. 


ІШТІ 
vl 


P-374 
No. 613,809. Patented Nov. 8. 1898. 
‚№. TESLA. 
METHOD OF AND APPARATUS FOR CONTROLLING MECHANISM OF MOVING VESSELS 
‘OR VEHICLES. 


(Application tied гау 1, 1808) 
5 Shoote—Shoet 4. 


«но Model.) 


%% 
> 
2 
5 
1 s 
t 
P Р 
Т 
=== 1 


e 


2 
ў 8 R2 
EE: “she посто“: 


Akel lee 


Р-375 


Мо. 613,809. 1 Patented Nov. 8, 1898. 
N. TESLA. 
METHOD OF AND APPARATUS FOR CONTROLLING MECHANISM OF MOVING VESSELS 
j^ OR VEHICLES. 


(Application tied July 1, 1898: 


(o Model) с 5 Shoste—Shert 5. 
\ 


Witnesses’! 
2 #7272. r1 Т TR 
OF ace е. 4 fé Goss =. 


| VII 
TURBINES AND SIMILAR APPARATUS 


19 


18 


20 


2% 


зо 


40 


UNITED STATES PATENT. OFFICE. 


NIKOLA TESLA, OF NEW YORK, N. Y. 
FLUID PROPULSION. 


1,061,142. 


‘Specification of Letters Patent. 


Patented May 6,1913. 


Application Aled October 21,1908. Seria! No. 523,832. 


To all whom it may concern: 

Be it known that I, Nixota Testa, a citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provements in Fluid Propulsion, of which 
the following is а full, clear, and exact de- 
scription. 

In the practical application of mechanical 
poer based on the use of а fuid es tbe ve; 

ісе of energy, it has been demonstrated 
that, in order to attain the highest economy, 
the changes in velocity and direction of 
movement of the Quid should be as gradual 
as possible. In the present forms of such 
apparatus more or less sudden changes, 
shocks and vibrations are unavoidable. 
sides, the employment of the usual devices 
for imparting energy to a fluid, as pistons, 
paddles, vanes and blades, necessarily in. 

luces numerous defects and limitations 
and adds to the complication, cost of pro- 
duction and maintenance of the machine. 

The object of шу present invention is to 
overcome these deficiencies in apparatus, de- 
signed for the propulsion of fluids and to 
efect thereby the transmission and trans- 
formation of mechanical energy through the 
agency of fluids in а more perfect manner, 
and by means simpler and more economical 
than those heretofore employed. I accom- 
plis this by causing the propelled fluid to 
move in natural paths or stream lines of 
least resistance, free from constraint and dis- 
turbance such as occasioned by vanes ur 
kindred devices, and to change its velocit 
and direction of movement by imperceptible 
degrees, thus avoiding the losses due to sud- 
den variations while the uid is receiving 
energy. 

Tt is well known that a fluid possesses, 
among others, two salient properties: ad- 
hesion and viscosity. Owing to theses body 
propelled through such a medium encoun- 
ters a peculiar impediment known as “ lat- 
eral” or "skin resistance” which is two- 
fold; one arising from the shock of the fuid 
against the asperities of the solid substance, 
the other from internal forces. opposing 

е con: 


molecular separation. As an inevital 


sequence, а certain amount of the fluid is, 
ї Con- | gestial and centrifugal forces is to propel 
in в fwd in | the fluid with continuously increasing ve- 


dragged along by the movi 


body. 
versely, if the body be pl 


in the direction of movement. These effects, 
in themselves, are of daily observation, but 
1 believe that 1 am the first to apply them in 
а practical and economical manner for im- 
parting energy to or deriving it from a fluid. 
‘The subject of this application is an in- 
vention pertaining to the art of imparting 
energy to fluids, and I shall now proceed to 
describe its nature and the principles of con- 
struction of the apparatus which I have de- 
vised for carrying it out by reference to the 
accompanying drawings which illustrate an 
operative and efficient embodiment of the 
same. 
Figure 1 is в partial end view, and Fig. 
2 is а vertical cross section of а pump or 
compressor constructed and adapted to be 
operated in accordance with шу invention, 
In these drawings the device illustrated 
contains a runner composed of a plurality 
of fat rigid disks 1 of a suitable diameter, 
keyed to a shaft 2, and held in position by а 
threaded nut 3, a shodlder 4 and washers 5, 
of the requisite thickness. Each disk has a 
number of central openings 6, the solid por- 
tions between which form spokes 7, prefer- 
ably curved, as shown, for the purpose of 
reducing the loss of energy due to the impact 
of the fluid. The runner is mounted in a 
(то part volute casing , having stulln 
boxes 9, and inlets 10 leading to its central 
portion. In addition а gradually widenin 
and rounding outlet 11 is provided, forme 
with a flange for connection to a pipe as 
usual The casing 8 rests upon a base 12, 
shown only in part, and supporting the bear: 
ings for the shaft 2, which, being of ordinary 
construction, are omitted from the drawings 
An understanding of the principle ет. 
bodied in this device will be gained from 
the following description of its inode of 
operation. Power being applied to the 
shaft and the runner set in rotation in the 
direction of the solid arrow the fluid b; 
reason of. its properties of adherence. an 
viscosity, upon.entering through the inlets 
10 and coming in contact with the disks 1 
is taken hold of by the same and subjo:ted 
to two forces, one acting tangentially in the 
direction of rotation, and the other radially 
outward. Тһе combined effect of these tan- 


motion, for tho same reasons, it is iinpelled ; locity in а spiral path until it reaches the 
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outlet 11 from which it, is ejected. This 
spiral movement, free and undisturbed nnd 
essentially dependent on the properties of 
the fluid, permitting it to adjust itsilf to 
5 natural paths or stream lines and to change 
its velocity апі direction by :nsewsible de- 
grees, is characteristic of this method of 
propulsion and advantageous in its applica- 
tion, While traversing the chamber inclos- 

g the runner, the particles of the flnid 
may complete one or more turns, or but a 
part of one turn. In any given case their 
path can be closely calculated and graphi 
cally represented, but fairly accurate est 
mate of turns can be obtained simply by de- 
termining the number of revolutions re- 

uired to renew the fluid passing through 

с chamber and multiplying it by the ratiu 
between the mean ү, of the fluid and 
that of the disks. have found that the 
quantity of uid propelled in manner 
is, other conditions being equal, approxi- 
mately proportionate to tbe active surface of 
the runner and to its effective speed. For 
this reason, the performance of such ma- 
chines nugments at an exceedingly high rate 
with the increase of their size and speed of 

п. 

‘The dimensions of the device ая a whole, 
und the spacing of the disks in any given 
machine will be determined by the condi- 
tions and requirements of special cases. Tt 
may be stated that the intervening distance 
should be the greater, the larger the diam- 
чег of the disks, the longer the spiral path 
of tho fluid and the greater its viscosity. In 

neral, the spacing should be such that the 
entire mass of the uid, before leaving the 
runner, is accelerated to a nearly uniform 
velocity, not much below that of the periph- 
ery of the disks under normal working con- 
ditions and almost equal to it when the out- 
let is closed and the particles movo in соп. 
centric circles, It may also be pointed out 
that such a pump can be made without open- 
ings and spokes in the runner, as by using 
опе or more solid disks, each it На own cas- 
ing, im which form the machine will be 
eminently adepted for sewage, dredging and 
the like, when the water is charged with 
foreign bodies and spokes or vanes espe- 

ally objection 

Another application of this principle 
which I have discovered to be not оп) 
55 feasible, but thoroughly practicable and offi- 
cient, is the utilization of machines such as 
above described for the compression or rare- 
faction of air, or gases in general. In such 
cases it will be found that most of the gen- 
eral considerations obtaining in the case of 
liquids, properly interpreted, hold true. 

hen, irrespective of the character of the 
fluid, considerable pressures sre desired, 

ing or compounding may be resorted to 
4s in tho usual way tho individual runners be. 
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ing, preferably, mounted on the eame shaft, 
It should be added that the sume end пи 
be attained with обе single runner by suit- 
able deflection of the fluid through rotative 
or stationary passages. 

The principles underlying the invention 
are capable of embodiment also їп that 
field of mechanical engineering which is 
concerned in the use of fluids as motive 
agents, for while in some respects the a 
tiens in the latter case are directly opposite. 
to those met with ir the propulsion of 


70 


15 


nie 
the fundamental Jawa applicable in the two 


cases are the same. In other words, tho 
operation above described is reversible, for 
if water or air under pressure be admittod 
to the opening 11 the runner is set in rota- 
tion in the гесбоп of the dotted arrow by 
reason of the peculiar properties of the fluid 
which traveling in a spiral path and with ве 
continuously diminishing velocity, reaches 
the orifices 6 and 10 through which it is 
discharged. 

When apparatus of the general character 
above described is employed for the trans- 
mission of power, however, certain depar- 
tures from structural similarity between 
transmitter and receiver may be necessary 
for securing the best result. “I have, there- 
fore, included that part of my invention 
which is directly applicable to the use of 
fluids as motive agents in a separate appli- 
cation filed January 17, 1911, Serial No. 
603,049. It may be here pointed out, ho 
ever, as is НЕ from the above Са 
era at when transmitting power from 
one shaft to another by such machines, any 
desired ratio between the speeds of rota- 
tion may be obtained by proper selection of 
the diameters of the disks, or by suitably 
staging the transmitter, the receiver, or both. 
But it may be stated that in one respect, 
at least, the two machines are essentially dif- 
ferent.” In the pump, the radial or static 
pressure, due to centrifugal force, is added 
to the tangential or dynamic, thus increas- 

the effective head and assisting 


в 


% 


% 


10 


10r 


по 


in the ex- 


pulsion of the Suid. In the motor, on the 
contrary, the fist named pressure, being 

ор to that of supply, reduces the ef- 115 
fective head and velocity of radial flow to- 
ward the center. Again, іп the 


ropelled 
machine a great torque is alway desirable, 
this, calling’ for en increased number. of 
disks and smaller distance of separation, 
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hile їп the propelling machine, for numer. 
" 


ous economic effort. 


зц 
selves, may affect the design an 
tion, but the preceding is thought to cob- 
tain’ all necessary information in this re- 


EHE vill be understood thet the principles 150 
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of construction und operation above set forth, 
are capable of embodiment in machines 

the most widely different fare, and adapt 
ed for the greatest. " 
the above, gue sot ght 50) Ен and ex- 
plain onl d typical applica- 
Ds of the пе which Y believe T am 


the А, to realize and turn to useful ac- 


di v 
to a fluid, 
the S ара pplication Ser 
No. 735,914. жіті 


15 What I claim із: 
1. Ат hine for propelling or imparting 
energy to fluids comprising in combination 
s plurality of spaced disks rotatably mounted 


and having pue surfaces, an inci cas- 
20 ing, ports of inlet at the central portion of 
said casing and through, which the fid is 


adapted {0 bo introduced to the a: 
tion of the disks, and ports of outlet at the 
peripheral portion of the casing through 
which the fluid, when the machine is driven 


25 


P-381 
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by power, is adapted to be expelled, us өй 
for 


machine for propelling or im 

to fluids, comprising in combination 
a volute casing provided with ports of in- 
lot and outlet at its central and peripheral 
portions, respectively, and e runner mounted 
within the casing and composed of spaced 
disks with plane surfaces having openings 
e | adjacent to the axis of rotation. 

3. A rotary pump, comprising in combi 
nation a plurality of spaced disks with 
plane surfaces mounted on a roteteble shaft 
and provided with openings adjacent there- 
to, а volute casing inclosing-tbe said disks, 
means for ва бод a Quid into that 
tion of the easing which contains tho shaft 
and an outlet extending tangentially from 
the peripheral portion of said c 

In testimony whereof I affix my signature 
in the presence of ¿wo subscribing witnesses, 

5 NIKOLA TESLA. 


9. 
eni 


M. Lawson Drar, 
Drony W. Соога. 


Copien o this patent жар bo ойшы for ve ма» eneh, by айтыр tho "Спаса авг of Patenta, 
Washington, 2. С. 
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То all whom it may concern: 
Be it known that I, Nrxota Testa, a citi- 

zen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Im- 
provements in Rotary Engines and ТІ 
ines, of which the following is a full, c'ear, 
and exact descriptio 

In the practical application of mechani- 

10 cal power. based on the use of fluid as the 
vehicle of energy, it has been demonstrated 
that, in order to attain the highest economy, 
,the changes in the velocity and direction 
of movement of the fluid should be as 
gradual as possible. In the forms of appa- 
ratus heretofore devised or proposed, more. 
у ог less sudden changes, shocks and vibra- 
tions are unavoidable. Besides, the employ- 
ment of the usual 46 for imparting to, 
or deriving energy froma fluid, such as pis- 
tons, paddles, vanes and blades, necessarily 
introduces numerous defects and limitations 
and adds to the complication, cost of pro- 
duction and maintenance of the machines. i 
25" The object of my invention is to over- 
come these deficiencies. and to effect the 
transmission and transformation of .me- 
chanical „energy through, ће agency of 
fluids in а more perfect “manner. and by 
means simpler and more economical than 
those heretofore employed. I accomplish 
this by causing the propelling fluid to move 
in natural paths or stream lines of least 
resistance, free from constraint and disturb- 
ance such as occasioned by vanes or kindred 
devices, and to cliange its velocity and di- 
rection of movement by imperceptible de- 
grees, thus avoiding the losses due to sud, 
len variations while the fluid is imparting 
40. energy. 

Tt is well known that a fluid possesses, 
‘among others, two salient properties, 'ad- 
hesion and viseositv. Owing to these a 

solid body propelled through such а medium 
encounters a peculiar impediment known as 
“lateral” or “ skin resistance,” which is two- 
fold, one arising from the shock of the 
fluid against the asperities of the solid sub- 
stance, the other from internal forces op- 
posing molecular separation. As an inevi- 
consequence a certain amount of the 
fluid is dragged along by the moving body. 
Conversely, if the body be placed іп а fluid 
in motion, for the same reasons, it is im- 


20 


30 


45 


pelled in the direction of movement. These'55 
effects, іп themselves, are of daily observa- 
tion, but I believe that I am the first to ap- 
ply them in a practical and economical ma 

ner in the propulsion of fluids or in their, 


во 


ever, are capable of етђо« 
that field of mechanical engineering which 
is concerned in the use of fluids as motive. 
agents, for while in certain respects the 70; 
operations in the latter case tre ditectl 
opposite to those met with in the propul. 
sion of fluids, and the means employed 
may differ in some features, the fundamen“. 
tal laws applicable in the two cases are the 75 
same. In other words, the operation is те, 
versible, for if water or air under pressure 
be admitted to the opening constituting the 
outlet of a pump or blower os described, th 
runner is set in rotation by reason of the 80 
peculiar properties of the fluid which, in, 
its movement through the device. imparte 
its energy thereto. 
The present ар) 
vision of that ге! 


from the appl 
propulsion or compression of fluids. % 
Tn the drawings, therefore, I have illus- 
trated only the form of apparatus designed 
for the thermo-dynamic conversion of en- 
ergy, а field in which the applications of 
the principle have the greatest, practical #6 
value. 
Figure 1 is а partial end view; and ig: 
2 а vertical cross-section of a rotary engine 
ог turbine, constructed and adapted to be, 
operated in accordance with the principles:100 
of my invention. — ' 
> The apparatus comprises a runner ‘com? 
posed of a plurality of flat rigid disks 13 
of suitable diameter, keyed to a shaft 16, 
and held in fasition thereon by a thresded 105 
nut Il, shoulder 12, and intermediate" 
washers 17. "Тһе disks have openings 14, 
adjacent to the shaft and spokes 15, which’ 
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may be substantially straight. For the sake 
of clearness, but a few disks, with compara- 
tively wide intervening spaces, are illus- 
trated. К 

је runner is mounted in a casing com- 
prising two end castings 19, which contain 
the bearings for the shaft 16, indicated but 
not shown in detail; stuffing boxes 21 and 
outlets 90. "The end castings are united by 
а central ring 99, which is bored out to a 
circle of a slightly larger diameter than that 
of the disks, and has flanged extensions 23, 
and inlets 24, into which finished ports or 
nozzles 95 are inserted. Circular grooves 90 
16 and lebyrinth packing 97 are provided on 

the sides of the runner. Supply pipes 23 
with valves 29, are connected to the flange:l 
extensions of ihe central ring, one of the 
valves being normally closed. 

For а more ready and complete under- 
standing of the principle of operation it js 
of advantage to consider first the actions 
that take place when the devige is used for 
the propulsion of fluids for which purpose 
let it be assumed that power is applied to 
the shaft and the runner set in rotation say 
ina clockwise direction. Neglecting, for the 
moment, those features of construction that 
make for or against the efficiency of the de- 
vice ав a pump, as distinguished from a mo- 
tor, a fluid, by reason of its properties of 
adherence ‘and viscosity, upon entering 
through the inlets 20, and coming in contact 
with the disks 13, is taken hold of by the 
latter and subjected to two forces, one act- 
ing tangentially in the direction of rotation. 
and the other radially outward. The com- 
bined effect of these tangential and centrifu- 
gal forces is to propel the fluid with con- 
tinuously increasing velocity in a spiral path 
nti it Teaches a suitable peripheral outlet 
from which it is ejected. This spiral move- 
ment, free and undisturbed and essentially 
dependent on the properties of the fluid, per- 
mitting it to adjust itself to natural paths 
ог stream lines and to change its velocity and 
direction by insensible degrees, is a charac- 
teristic and essential feature of this principle 
of operation. 

ile traversing the chamber inclosing 
the runner, the particles of the fluid may 
complete one or more turns, or but a part 
of one turn, the path followed being capable 
of close calculation and graphic representa- 
tion, but fairly accurate estimates of turns 
can be obtained simply by determining the 
number of revolutions required to renew the 
fluid passing through the chamber and mul- 
tiplying it by the ratio between the mean 
speed of the fluid and that of the disks. I 
have found that the quantity of fluid pro- 
рейед іп this manner, is, other conditions be- 
ing equal, approximately proportionate to 
the active surface of the runner and to its 
эв effective speed. For this reason, the per- 
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formance of such machines augments at an 
exceedingly high rate with the increase of 
their size and speed of revoluti 

‘The dimensions of the device as a whole, 
and the spacing of the disks in any given зо 
machine will be determined by the conditions 
and requirements of special cases. It may 
be stated that the intervening distance should 
should be the greater, the larger the diameter 
of the disks, the longer the spiral path of 75 
the fluid and the greater its viscosity. In 
general, the spacing should be such that the, 
entire mess of the fluid, before leaving the 
runner, is accelerated to а nearly: uniform 
velocity, not much below that of the periph- go 
ery of the disks under normal working con- 
ditions, and almost equal to it when the out- 
let is closed and the particles move in con- 
centric circles. 

Considering now the converse of the above 85 
described operation and assuming that fluid 
under pressure be allowed to pass through, 
the valve at the side of the solid arrow, the 
runner will be set in rotation in a clockwise 
direction, the fluid traveling in a spiral path gp 
and with continuously diminishing veloci 
until it reaches the orifices 14 and 20, throu; 
which it is discharged. If the runner be 
lowed to turn freely, in nearly frictionless 
bearings, its rim will attain a speed closely 25 
spprosimating the maximum of that of the 

jacent fluid and the spiral path of the 


particles will be comparatively long, consist- 
ing of many almost circular turns. If load 

is put on and the runner slowed down, the 102 
motion of the fluid is retarded, the turns aro 
reduced, and the path is shortened. 

Owing to a number of causes affecting the 
performance, it is difficult to frame a precise 
тше which would be generally applicable, 10: 
it may be stated that within certain 
limits, and other conditions being the same, 
the torque is directly proportionate to the 
square of the velocity of the fluid relatively 
to the runner and to the effective area of the 110 
disks and, inversely, to the distance separat- 
ing them.’ The machine will, generally, per- 
form its maximum work when the effectivo 

of the runner is one-half of that of the 
fluid; but to мыш the highest economy, tho 216 
ative speed or slip, for any gi form- 
ance, should be as small as [^5 ‘This 
condition may be to any desired degree ap- 
proximated Бу increasing the active area of 
and reducing the space between the disks. 

When apparatus of the kind described is 
employed for the transmission of power cer- 
tain departures from similarity between 
transmitter and receiver are necessary for 
securing the best results. It is evident that, 125 
when transmitting power from one shaft to 
another by such machines, any desired ratio 
between the speeds of rotation may be ob- 
tained by a proper selection of the diame- 
ters of the daks. ог by suitably staging the 130 
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transmitter, the receiver or both. But it 

may be pointed out that in one Ж 

Teast, the two machines are essentially dif- 

ferent. In the pump, the radial or static 
5 pressure, due to centrifugal force, is added 

То the tangential ог dynamic, thus increas- 
ing the effective head and assisting in the 
expulsion of the fluid. In the motor, on the 
contrary, the first named pressure, being op- 

ed to that of supply, reduces the effective 
Read and the velocity of radial flow toward 
the center. Again. in the propelled machine 
great torque is always desirable, this call- 
ing for an increased number of disks and 
smaller distance of separation, while in the 
propelling machine, for numerous economic 
reasons, the rotary effort should be the small- 
est and the speed the greatest practicable. 
Many other considerations, which will nat- 
urally suggest themselves, may affect the de- 
sign and construction, but the preceding is 
thought to contain all necessary informa- 
tion in this regard. 

In order to bring out a distinctive feature, 
assume, in the first place, that the motive 
medium is admitted to the disk chamber 
through a port, that is а channel which it 
traverses with nearly uniform velocity. In 
this case, the machine will opérate as а 
rotary engine, the fluid continuously ex- 
panding on its tortuous path to the central 
outlet. "The expansion takes place chiefly 
along the spiral path, for the spread in- 
ward is opposed by the centrifugal force 
due to the velocity of whirl and by the great 
resistance to radial exhaust. Tt is to be ob- 
served that the resistance to the passage of 
the fluid between the plates is, approxi- 
mately, proportionate to the square of the 
relative speed, which is maximum in the 
direction toward the center and equal to 
the full tangential velocity of the fuil. 
The path of least resistance, necessarily 
taken in obedience to a universal law of 
motion is, virtually, also that of least rela- 
tive velocity. Next, assume that’ the fluid 
is admitted to the disk chamber not throngh 
в port, but a diverging nozzle, а device con- 
verting wholly or in part, the expansive into 
velocity-energy. The machine will then 
work rather like а turbine, absorbing the 
energy of kinetic momentum of the particles 
as they whirl, with continuously decreasing 
speed, to the exhaust. 

‘The above description of the operation, 1 
may add, is suggested by experience and ob- 
servation, and is advanced merely for the 

urpose of explanation. The undeniable 

fact is that the machine does operate, both 
expansively and impulsively. When the ex- 
pansion in the nozzles is complete, or nearly 
so, the fluid pressure in the peripheral qear- 
ance space is small; as the nozzle is made 
less divergent and its section enlarged, the 
65 pressure rises, finally approximating that of 
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the supply. But the transition from purely 

‘impulsive to expansive action may not be 

continuous throughout, on account of criti- 

cal states and conditions and comparativel 
t variations of pressure may be саш 

у small changes of nozzle velocity. 

In the preceding it has been assumed that 
the pressure of supply is constant or con- 
tinuous, but it will be understood that the 
operation will be, essentially the same the 
pressure be fluctuating or intermittent, as 
that due to explosions occurring in more or 
less rapid succession. 

‘A very desirable feature, characteristic of 
machines constructed and operated in ac- 
cordance with this invention, is their сара- 
bility of reversal of rotation.” Fig. 1, while 
illustrative of a special case, may be re- 
garded as typical in this respect. If the 
right hand valve be shut off and the fluid 
supplied through the second pipe, the runner 
is rotated in the direction of the dotted are 
је operation, and also the performance 
е the same as before, the central 
ring being bored to a circle with this purpose 
іп view. The same result may be obtained 
іп many other ways by specially designed 
"valves, ports or nozzles for reversing the 
fow, ihe description of which is omitted 
here in the interest of simplicity and clenr- 
ness. For the same reasons but one opera- 
tive | or nozzle is illustrated which might 
be а aped to а volute but does not fit best 
a circular bore. Tt will be understood that 
а number of suitable inlets may be provided 
around the periphery of the runner to im- 
prove the action and that the constrnetion 
of the machine may be modified in many 


ways. 

Still another valuable and probably 
unique quality of such motors or prime mov- 
ers may be described. By proper construc- 
tion and observance of working conditions 
the centrifugal pressure, opposing the pas- 
sage of the fuid, may, as already indicated, 
be made nearly equal to the pressure of sup- 
ply when the machine is running idle. 1f 
the inlet section be large, small changes in 
the speed of revolution will produce great 
differences in flow which are further en- 
hanced by the concomitant variations in the 
length of the spiral path. А self-regulating 
machine is thus obtained bearing a striking 
resemblance to a direct-current clectric mo- 
tor in this respect that, with great differences 
of impressed preseure'in a wide open chan- 
nel the flow of the fluid through the sme is 
prevented by virture of rotation. Since the 
centrifugal head increases as the square of 
the revolutions, or even more rapidly, and 
with modern high grade steel great-periph- 
eral velocities are practicable, it із possible 
to attain that condition in a single stage 
machine, more readily if.the runner be of 
large diameter. Obviously this problem is 
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facilitated by compounding, as will be un- 
derstood by those skilled in the art. Irre- 
spective of its bearing on economy, this tend- 
епеу which is, (оса 4 соттоп to 
motors of the above description, is of special 
sdvantage іп the operation of large units, аз 
it affords a safeguard against running away 
and destruction." Besides these, such a prime 
mover possesses many other advantages, both 
constructive and operative. It is simple, 
light and compact, subject to but little wear, 
cheap and exceptionally easy to manufac: 
ture as small clearances and accurate milling. 
уот are not essential to good performance, 
In operation it is reliable, there being no 
valves, sliding contacts or troublesome vanes. 
It is almost free of windage, largely inde- 
Pendent of nozzle ficiency and suitable for 

igh as well as for low fluid velocities and 
speeds of revolution. 

Tt will be understood that the principles 
of construction and operation above gener- 
ally set forth, are capable of embodiment in 
machines of the most widely different forms, 
and adapted for the greatest variety of pur- 
poses, In my present specification I have 
sought to describe and explain only the gen- 
eral and typical applications of the principle 
which I believe I am the first to realize and 
turn to useful account. 


What I claim is: 
мей to be propelled by 
a 


1. A machine a 
а fluid consisting in the combination 


casin, A inlet ind outlet ports 
ripheral and central portions, respecti» 
xc ону eee 


tween which the fluid may flow in natural 
spirals and: by. adhesive and viscous action 
impart its елегі of movement to the rotor, 


as described, 

2. A machiine adapted to be propelled by 
в fluid, comprising а rotor composed of в 
plurality of plane spaced disks mounted on я 
Shaft and open at or near the same, an i 
closing casing with a peripheral inlet or 
lets, in the plano of the disks, and an outlet 
ог outlets in its central portion, as described. 

3. A rotary engine adapted to be propelled 
by adhesive and viscous action of а continu- 
ously expanding fluid comprising in combi- 
nation a casing forming a chamber, an inlet 
or inlets tangential to the periphery of the 


same, and an outlet or outlets in its central 
portion, with a rotor composed of spaced 
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disks mounted on а sha: 
near the same, as described. 

4: A machine adapted to be propelled by 
fluid, consisting in the combination of a plu- 
rality of disks mounted on a shaft and open 
at or near the same, and an inclosing casing 
with ports or passages of inlet and outlet 
at the peripheral and central portions, ге 
spectively, the disks being spaced to form 
passages through which the fluid may flow, 
under the combined influence of radial and 
tangential forces, in a natural spiral path 
from the periphery toward the axis of the 
disks, and impart its energy of movement to 
the same by its adhesive and viscous action 
thereon, as set forth. 

5. A machine adapted to be propelled by 
3 uid comprising in combination à plural. 
ity of spaced diss rotatably mounted and 
having plane surfaces, an inclosing casin 
and ports ог passages of inlet and outlet ad- 
jacent to the periphery and center of the 
disks, respectively. as set forth, 

6. А machine adapted to ve propelled by a 
fluid comprising in combination a runner 
composed of a plurality of disks having 
plane surfaces and mounted at intervals on 
а central shaft, and formed with openings 
near their centers, and means for admitting 
fhe propelling fluid into the spaces between 
the disks at the periphery and discharging it 
at the center of the same, as set forth. 

1. A thermo-dynamic converter, compris- 
ing in combination a series of rotatably 
mounted spaced disks with plane surfaces, 
ап inclosing casing, inlet ports at the pe- 
ripheral portion and өшісі ports leading 
from the central portion of the same, as веб 
forth. 

8. А thermo-dynamic converter, compri 
ing im combination a series of ‘rotatably 
mounted spaced disks with plane surfaces 
and having. openings adjacent to their cen- 
tral portions, an inclosing casing, inlet ports 
in the peripheral portion, and outlet ports 
leading from the central portion of the same, 
as set forth. 

„Та testimony wheroof I айх my signature 
in the presence of two subscribing witnesses 


NIKOLA TESLA, 


and open at or 


Witnesses: 
M. Lawsox Dre, 
Wx. Воніквев, 


Copies of thts patent may be obtained for Sve cents each, by addrening the “Commissioner of Patents 
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To ull спот it may concern: 

Be it known that I, NixotA Testa, a citi- 
dq of the United. States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Im- 
provements іп Speed-Indicators, of which 
the following is а full, clear, and exact de- 
scription. -. 

In the provision of speed indicators, that 
gave direct readings of rate of motion— 

for example shaft speeds in terms of revolu- 

tions per minute or vehicle speeds in miles 
per hour—it is obviously important that the 

Instrument be simple, inexpensive and du. 

and that its indications be correct 
nghout а wide range of speel. Likewise 
it is very desirable that its operation shall 
be subject to little or no appreciable devia- 
tion from accuracy under normal or ех. 

20 pected extraneous changes. such as those of 
atmospheric density. temperature. or mag- 
netic influence, in order that the structure 
may be free from any complications inci- 
dent to the employment of specific means 

г conditions. 

speed 
ving com. 
in a struc- 


E 


30 п gaseous medium. preferably air. is utilized 
for torque-transmission between the driving 


More par my invention provides 
а rotatable primary and a mechanically re- 
$ sistant or binsed pivoted second 

Cooper 


sn 
hereafter defined. the drag o 
50 effort exerted by the fluid is es 
portionate to its velocity rel: 
system. This I have found to be true of 
gaseous and liquid media. with the distine- 
tion however. that the limits within which 
55 the law holds good are narrower far the 


latter, especially so when the speine giai 
or the viscosity of the liquid is great 

Having determined the conditions under 
which the law of proportionality of torque 


vices—essentially indicators of speed but 


having wider fields of use—which are, in 65 
many aspects, superior to other forms of 
speedometers. 

Specifically 1 have devised rate-of-motion 
indicators which comprise driving and 
driven members with confronting, closely- 70 
adjacent. noncontacting. smooth. annular 
surfaces of large aren, concting in the trans: 
mission of torque through the viscosity and 
adhesion of interposed thin films of air 
mechanical structures offering numerous 79 
constructive and operative "advantages. 
Furthermore, by properly designing and со- 
ordinating the essential elements of such i 
struments T have secured substantial linear 
proportionality between the deflections of 80 
the indicating or secondary element and the 
rate of rotation of the driving or primary 
member. 

The conditions more or less indispensable. 


are: 
1. The arrangement should be such that 90 
the exchange of fluid acting on the system 
is effectively prevented or minimized. If 
new fluid were permitted to pass freely be- 
tween the elements there would be. as in a 
pump. with the rise and fall of velocity, 9 
corresponding changes of quantity and the 
torque would not vary directly as the speed, 
but as an exponential function of the same- 
Broadly speaking, such provision as is com- 
monly made in hydraulic brakes for free cir- 
culation of fluid with respect to the rotative 
system, with the attendant acceleration and 
retardation of the flow. will generally pro- 
duce a torque varving as the square of the 
speed. subject however, in practice, to іп- 
fluences which may cause it to change ac- 
cording to still higher powers. Fer this 
reason confinement of the fluid intervening 
between the primary and secondary elements 
of the system so that such active, torque- 110 


100 


105 


transmitting medium may remain resident, 

and not be constantly renewed, is vital to 

complete attainment of the desired linear 
proportionality. 

6 9. The spaces or channels inclosing the ac- 
tive medium should be as narrow as prac- 
ticable, although within limits this is rela- 
tive, the range of effective separation in- 
creasing with the diameter of the juxtaposed 

My observations have es- 
еп the spacing is so wide 
as to accommodate local spiral circulation 
in the resident fluid between the confront- 
ing areas, marked departures from rigorous 
proportionality of torque to speed occur. 

'herefore in small instruments with pri- 
mary members of but few inches diameter, 
it is desirable that the channels should be as 
narrow as is mechanically feasible with due 
regard to the importance of maintaining the 
noncontacting relation of the rotative parts. 

3. The velocity of the fluid relative to the 
system should be as small as the circum- 
stances of the case will permit. When a gas 
such as air із the active medium, it may be. 
100 feet per second or even more, but with 
liquids speeds of that order cannot be used 
without détriment. 

4. The bodies exposed to the action of the 

30 fluid should be symmetrically shaped and 

with smooth surfaces, devoid of corners or 

Projections which give rise to destructive 

eddies that are particularly hurtful. 

5. The system should be so shaped and 
disposed that no part of the moving fluid ex- 
cept that contained in the spaces or channels 
* can effect materially the torque. If this 

rule is not observed the accuracy of the in- 
strument may be impaired to an apprecia- 
ble degree, for even though torque trans- 
mission between the confronting surfaces 
is proportional, there may yet be a com- 
ponent of the rotary effort (through the 
fluid coacting with the external surfaces) 
proportional to ап exponential function of 

the speed. Hence it is desirable that by a 

closely investing casing, or other means, the 

torque-transmitting effect of fluid outside of 
the channels between the rotative parts be 
minimized. 

6. In general the flow of the medium 
should be calm and entirely free from all 
turbulent action As soon as there is a 
break of continuny (he law above stated 
is violated and the indications of the device 
cease to be rigorously precise. 

‘These requirements сап be readily ful- 
filled and the above discoveries applied to a 
great many valuable uses, as for indicating 
the speed of rotation or translation, respec- 
tively, of a shaft, or a vehicle, such as an au- 
tomobile, locomotive, boat or aerial vessel; 
for determining the velocity of а fluid іп 
motion; for measuring the quantity of flow 
in steam, air, gas, water or oil supply; for 
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ascertaining the frequency of mechanical 
and electrical impulses or oscillations; for 
determining physical constants; and for 
numerous other purposes of scientific and 
practical im 

The nature and object of the invention 
will be clearly understood from the succeed- 
ing description with reference to the accom- 
panying drawings in which: 

, Figure 1 represents^a vertical cross sec- 
tion of a speed indicator or hand tachom- 
eter embodying the above principles; Fig. 
2 is a horizontal view of the instrument dis- 
closing part of the scale, and Figs. 3 and 
| are diagrammatic illustrations showing 
modified constructions of the main parts in 
a similar device, 

leferring to Fig. 1, 1 is a pulley-shaj 

metal disk from three to four inches a 
ameter constituting the freely-rotatable pri- 
mary element. It is fastened to a drive 
shaft 2 which is turned to fit а hole in the 
central hub 3 of the casting 4. А ball bear- 
ing 5 set in a recess of the former, serves 
to take up the thrust against the shoulder 
6 of the shaft and insures free running of 
the same. In close proximity to the disk 
1 is the thin shell 7 in the form of a cup, 
this being the secondary element of the вуз- 
tem. It is made of stiff and light material, 
as hard aluminum, and is fixed to a spindle 
8, supported in nearly frictionless bearings 
or pivots 9 and 10. As before remarked 
the spacing between the two elements, (1 
and Т), should best be as small as manufac- 
turing conditions may make feasible. Ву 
жау of example, a separation—in an in: 
strument of the diameter suggested,—of say 
015" to 02У” will be found effective for 
working purposes and also within а reuson- 


able range of inexpensive mechanical attain- 
ment. Still smaller spacing is, however, 
theoretically desirable. One of the bear. 


ings aforesaid is screwed into the end of 
the shaft 2 and the other into a plug 11 in 
а slotted tubular extension 12 of а casting 
13. The running bearing in the shaft, 
though not of perceptible influence on the 
indications, may be replaced by a stationary 
support behind and close to shell 7, as at $. 
A torsional spring 14 is provided, for bias- 
ing the pivoted element 7, having its ends 
held in collars 15 and 16, which can be 
clamped, as by the set screws shown. the опе 
to the spindle 8 and the other to the plug 
IL The bearings 9 and 10 are capable: of 
longitudinal adjustment and can be locked 
іп any position by cheek huts 17, and 18, 
but this refinement is generally unnecessary. 
‘The castings 4 and 13, in the construction 
specifically shown, when screwed together 
form a casing that closely invests the rota- 
tive system. ‘This casing forms one ava 
able means for preventing communication 
of torque from the primary element 1 to the 
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secondary member 7 through the medium 
contacting with the external surfaces of 
both, to any extent sufficient for materially 
modifying the torque due to the films be- 
tween the elements, but other means to this 
end may be substituted. The chamber 

closed within ths casting should be air- 
tight for highest accuracy in order that the 
density of the contained medium may re- 
main constant, although in the vast major- 
ity of cases where air is used as the active 
agent, the slight effects of ordinary changes 
of temperature and density of thé external 
atmosphere can be ignored, as they аге 
a measure neutralized by the concomitant 
variations in the resilience of the torsional 
spring and as they do not seriously affect 
the proportionality of deflections observed. 
However, when great precision is essential, 
к seal 19 of suitable packing, paste or amal- 


гу the rotating mem- 
i magnet out- 
side. This expedient has been adopted in 
numerous instances and is quite familia: 
"The casting 4 has a window or opening 20. 
closed by е of transparent substanc 
such as celluloid. for enabling the readings 
to be made on the seale which is engraved 
upon or glued to the rim of the indica 
controlling element or shell 7. The shaft 
is armed with а steel or rubber tip 21, and a 
handle 22 of fiber or other material is fas- 
tened to the central hub of casting 13. com- 
pleting the hand tachometer. 

Fig. 2 in which like numbers designate 
corresponding parts is self-explanatory 

Attention may be called to the pointed in- 
dex 93 placed in the opening 20 and mark- 
ing. when the instrument is not in use, zero 
on the seale. The latter сап be readily put 
in proper position by turning the collar 16 
to the desired angle. 

As described the device is adapted for 
nse in the manner of an ordinary hand 
tachometer. In taking the revolutions of a 
shaft. the tip 21 is placed firmly into the 
central cavity of the former. as зна]. with 
the result of entraining the disk 1 and bring 
ing it to full speed by friction. The active 
medium. preferably air. in the narrow chan- 
nels between the rotating and pivoted mem- 
hers. by virture of its adhesion and vis 
is set in circular motion by the pri 
У element. and. giving up the momentum 
imparted to it on the light secondary shell 
causes ‘the latter to turn until the torqu 
exerted is balanced by the retractile force of 
ring 14. Care shonld be taken to em- 
ploy a spring the resistance of which in- 
rreases linearly with displacement. бо that 
the deflections are exactly proportionate to 
the torsional etfect, as otherwise the indi- 


в 


cations will not be true to scale, even though 
the instrument be prefect іп other respects. 
In order that the torque should vary rigor- 
ously as the speed, the fluid particles in the 
е channels Üetween the rotating and 
pivoted members should move in circles and 
spirals, as necessarily would be the 
case in a device in which pumping action 
could take place. and either by making 
both the primary and secondary elements 
effectively imperforate to prevent centra! 
of air, or otherwise so con- 
und conditioned that air ma 
freely pass from center to periph 


tween the elements of the moving system 
у 


unchanging residence of a definite 
of the active medium within 
tem is insured. Wh 

that is to вау. acceler 
of fluid movement other than circ 
with the primary  element.—takes place 
the deflections, increase idly than 
the эрес. It follow force. 
which is th active principle іп 
pumping. must be negligible to avoid com- 
pression of the air at the periphery which 
might result in a sensibly increased torque. 
To appreciate this, it should ђе borne in 
ind that the resistance of a circular strip 
of the active area would, under such coi 
ditions. be proportionate to the fourth power 
of the diameter’ so that a slight compression 
and attendant increase of density of the 


proportionality, Experience | 
strated that when the space is v 
as is indispensable for the fullest att: 
ment of the desired proportionality, the 
trifugal effect of the active Auid, be it gase- 
ons or liquid, is so small as to be unobserv- 
able. The inference is that the acti ns in the 
narrow space between the rotative members. 
re capillary or molecular and wholly dif- 
ferent in principle from those taking place 
in a pumping device in which the fluid 
iernately retarded and accele- 

which, as will be rent 
from the preceding. 15 uniform in an instru- 
ment best embodying my invention. may 
be s graduated that ench degree corresponds 
number of revolutions per unit 


tated by varying the 
parts 1 and T. thus modifying the torque 
and consequently the deflection. (the torque 
varying inversely as the distance) while al- 
E 


necessary to make bit 
опе observation comparative with some posi- 
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аме standard and to plot the balance of the 
Scale accordingly. The conditions above set. 
forth being realized, the reading will be ac- 
curately proportionate to the speed and the 
tant will be correct through the whole 
ang emplated in the design. Therein 
lies a very important advantage bearing 
on mamifacture and introduction of devices 
of this character over “those now in use 
which are based on an empirical scale, tedi 
and unreliable. When de- 
ment may be rendered dead 
beat through magnetic or mechanical damp- 
ing. but by making the torque very great, 
and the inertia of the secondary element 
very small, such objectionable complication 
may be avoided. With a given separation 
the turning effort is proportionate to the 
product of the velocity of rotation, the den- 
sity of the fluid ond the aggregate area of 
the active surfaces, hence by increasing 
either of these factors the torsion can be 
augmented at will. It obviously follows that 
the pull exerted on a circular disk wil) be 
25 as the third power of the diameter and one 
way of attaining the object is to use a large 
plate, Other and better ways are illus- 
trated in Figs. 3 and 4 in which the rotating 
and pivoted elements are composed of inter- 
ed disks or cylinders. Тһе first ar- 
rangement permits an indefinite increase of 
Ше torque, the second commends itself 
through the facility of adjustment of the 
force by varying the active area. 

For many reasons it is decidedly advan- 
tageous to employ air as the agent in an in- 
strument intended for popular purposes, 
specially those involving rough use and in- 
expert handling, since thereby the cost of 
manufacture may be kept low, the need for 
ensealing minimized and susceptibility of 
the parts to easy disassembling and replace- 
ment, attained. It is, therefore, desirable 
that the annular confronting surface of the 
elements,—whether of disk or cylindrical 
form,—be sufficiently extensive for securing 
ample torque to make the instrument ap- 
proximately dead beat and to minimize the 
percentage of error due to mechanical im- 
perfections. 

‘The foregoing description contains, 1 be- 
lieve, all the information necessary for en- 
abliug an expert to carry my invention into 
wuecessful practice. When using the indi- 
cator in {һе manner of an ordinary vehicle 
speedometer, as in an automobile, the shaft 
2 is vigidly or flexibly geared to the driving 
axle or other suitable part and readings are 
made in miles per hour, as is customary. As 
will be apparent many other valuable uses 
may be served, since the primary element 

ay be connected in suitable electrical ог 
mechanical manner with any rotating part, 

the speed of which may be translated 
65 through а linearly proportionate constant 
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into the desired terms of time and quantity. 
and the reading scale may be calibrated ir. 
such terms. Tt will also be evident that by 
accurate workmanship, following the teach- 
ings of my invention, instruments at once 
simple, rugged, and scientifically accurate 
may be constructed for a very wide range of 
uses in either huge or tiny sizes; and, since 
the commercial requirements of accuracy in 
many fields gives a reasonable range of 
permissive error, manufacturing considera- 
tions may lead to deviations from strict ob- 
servance of some of the conditions that I 
have indicated as best attaining a rigorous 
proportionality of reading. The provision 
Sf simple mechanical elements, colperatin 
primarily only through the viscosity an 
adhesiveness of the air films intervening 
therebetween and substantially free from 
need for ensealing and from error caused by 
changes of extraneous conditions, especially 
temperature. affords striking commercial 
advantages unattainable in any form of 
speedometer of which I am aware. There- 
fore while I have described in detail for the 
purpose of full disclosure. а specifie and 

ighly advantageous embodiment of my in- 
tention, it. will be understood that wide 
variations in the mechanical development 
thereof may be made without departure 
from its spirit within the scope of the ap- 
pended claims. 

What Т claim is: 

i In combination, | fixed | supporting 
means, disconnected ‘alined driving ani 


materis] rigidly 
coaxially with the driving shaft, and being 
alternated with the frst-mentioned pieces 
between them and having their broad sur. 
faces adjacent to and spaced from the broud 
surfaces of suid other pieces, said pieces all 
arranged in air, through which torque is 
frictionally transmitted from the second. 
mentioned pieces to those first-mentioned. 
>. In combination, in a speedometer, dis- 
connected alined driving and driven shafts, 
а fixed support, said shafts being mounted 
in said support, a coiled spring having one 
end secured to said fixed support and the 
other end secured to said driven shaft, rel 
tively thin spaced rigid pieces of material 
rigidly connected to and arranged coaxially 
about said driven shaft with their broad 
surfaces opposite each other, other rela; 
ively thin spaced rigid pieces of material 
igidly connected to and arranged coaxially 
with the driving shaft. and being alternated 
between said first-mentioned pieces and 
spaced therefrom, and an air body filling 
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the spaces between said pièges and consti 
tuting the torquetransmitting friction 


medium therebetween. 

3. In combination, in а speedometer. dis- 
5 connected alined driving and driven shafts, 
a frame having bearings for said shafts, а 
cviled spring whose inner end is secured to 
said driven shaft and having its outer end 
secured to said frame, spaced rigid pieces of 
material rigidly connected to and arranged 
about said driven shaft, and other spaced 
rigid pieces of material rigidly connected to 
and arranged about sad driving shaft, the 
former pieces being alternated between the 
latter pieces іп spaced relation with their 
broad surfaces in close juxtaposition, and 
with the interspaces between. suid spaced 
pieces forming а convoluted air-contai 
ciannel therebetween open to the surround- 


10 


15 


20 ДА air. 
. In combination, disconnected alined 
driving and driven shafts, a fixed support, 


bearings therefor in said support, а coiled 
spring having one end secured to the driven 
shaft and its other end secured to said fixed 
support, a cup-shaped body secured to one 
end of aid driving shaft coaxially, spaced 
rigid relatively thin plates secured to said 
body in parallel relation to each other, an- 
other cup-shaped body secared coaxially to 
said driven shaft an 


25 


30 


40 5. The combination with means for sup- 

rt and driving and driven shafts rotata- 

ly supported thereby, of means to trans- 
mit torque from the driving shaft to the 
driven shaft comprising opposed materi 

ieces respectively connected with the dri 
fng shaft and the driven shaft and arranged 
to present toward each other relatively-ex- 
tensive, non-contacting, closely-adjacent sur- 
faces, and a gaseous medium in which said 
pieces work, said gascous medium serving 
frictionally to connect the said opposed ma- 
terial-pieces for transmission of torque from 
the driving shaft to the driven shaft. 

6. In combination, driving and driven ele- 
ments suitably supported and having con- 
fronted annuli always, presenting to each 
other relatively-extensive, non-contacting, 
closely-adjacent surfaces, said surfaces dis- 
osed in 4 gaseous friction medium, where- 
у the driving member, by its rotation, in- 
duces rotary motion of the driven member 
through the drag of the gaseous medinm in- 
tervening between said annuli. | 

7. Та combination, driving and driven ele- 
65 ments having in opposed, closely adjacent, 
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во 


non-contacting relation, relatively extensive 
friction surfaces, and an interposed gaseous 
body, through which the driving member 
frictionally drags the driven element. 

8. In а speedometer, the combination with 
‘supporting means, separately-rotatable driv- 
ing and driven shafts mounted therein, bias- 
ing means for the driven shaft, and means 
to indicate rotary displacement of the biased 
shaft in terms of speed, of pieces rotatively 
carried by said respective shafts, having 
relatively-exteusive, non-contacting, closely- 
adjacent surfaces arranged to confront each 
other, and a gascous medium intervening be- 
tween said confronting surfaces to coact 
therewith frictionally to transmit torque 
from the driving shaft to the biased driven 

aft. 
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15 
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air body, through the films of which, inter- 
vening between said annuli, rotation of the 
primary element may induce speed-indicat- 
ing displacement of the secondary element. 

0. A speedometer wherein а primary, 
variable-speed element, and а biased, speed- 
indication-controlling ` secondary element, 
that are suitably supported for separate 
movement, have opposed extensive friction 
surfaces in non-contacting juxtaposition for 
frictional communication of power from the 
primary element to the secondary element 
through a gaseous medium that intervenes 
between said friction surfaces. 

11. An air drag specdometer, wherein a 
primary, variable.speed element and a 
biased speed-indication-controlling. second. 
ary element, th itably mounted for 


separate rotary movement in an ai 
ing casing, 


cont 
ve opposed, extensive fri 
s in mon-contacting juxtapo 
tion, for frictional communication of torque 
the primary element to the secondary 

h the medium of the casing- 


contained air. 

19. In a speedometer, the combination of 
an air containing casing, a primary element 
and а secondary element mounted in said 
casing for separate movement, said elements 
having extensive surfaces exposed toward 


each other in closely contiguous but no 
contacting relation for frictional commu 
cation of power to one from the other 
through the intervening air, means resi 
ently to resist displacement of the second- 
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ary element, and means to indicate displace- 
ment of the secondary element in terms of 


Pig In combination, in а speedometer, 
5 disconnected shafts respectively carrying 
driving and driven elements that have an- 
muli affording continuous extensive fric- 
tion surfaces in always confronting non- 
contacting closely-spaced relation, the 
driven element being light and biased by a 

ight spring, for ready response to torque 
сенейсе герою (о the air 
film-spaces between the elements constitut- 
ing an open tortuous channel; and an air 
containing casing inclosing the driving and 
driven elements, its contained air body form- 
ing the sole effective means of torque trans- 
mission between tho elements — 

14. In в speedometer, the combination of 
rotatable driving and $ iven elements havs 
ing’ in opposed, closely-adjacent non-con- 
tasting relation, relatively extensive friction 
surfaces, means to bias the driven element, 
means to indicate rotary displacement of 
id driven element in terms of speed, а cas- 
ing inclosing said eloments and containing 

air, said contained air body extending in 

between the friction surfaces, and 
forming the solo effective means of torque 
30 transmission between the driving and 
driven elements о s 
15. In combination, driving and driven 
elements having in opposed non-contacting 
relation relatively extensive friction sur- 
35 faces во closely a [y that through an in- 

to s body the driving member 
frictionally drags the driven member with 
а torquo linearly proportionate to the speed 
of the former. у 

16. A rate indicator wherein a froely-ro- 
tatablo primary and a biased, indication- 
controlling secondary member, suitably sup- 
ported for separate movement, have op- 
posed, non-contacting surfaces in such close 
46 proximity that through an intervening vis- 

cous fluid medium torque is transmitted to 

the secondary member in linear proportion 
to the speed of the primary. | 

17. A rate indicator wherein а froely ro- 

50 tatable primary and a biased, indic 
controlling secondary clement, suitably sup- 
ported for separate movement are opera- 
tively linked through an intervening vis- 
cous and adhesive air body, said elements 

55 having opposed, extensive non-contacting 
аша to closely adjacent that the torque 
transmitted to the 
through said air bod 
lincar proportion to the speed of the pri- 

LJ lement. 

18 In а speed indicator the combination 
of two rotatively movable driving and 
driven members having opposed non-con- 
tacting extensive surfaces confining between 

48 them a practically constant body of torque- 
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transmitting fluid medium, said surfaces be- 
ing so closely proximate that the torque 
transmitted from the driving to the driven 
member is substantially proportional to the 
rate of rotation of the former. 

19. A speed indicator ,comprising, in 
combination, в rotatable body, a second an- 
gularly movable body, means to resist dis- 
Placement of the latter proportionately to 
the torque applied thereto, and a fluid me- 
dium interposed between them, said bodies 
having opposed annular surfaces in such 
close proximity that pumping of the me- 
dium therebetween is prevented and the де. 
flections of the second body are made pro- 
portionate to the speed of the oth 

20. А speed indicator, comprising, in 
combination, a rotatable, variable mest pri. 
mary clement, and a light, pivoted, tor- 
sionally-resisted, indication-controlling sec- 
ondary element, suitably mounted for sepa- 
rate movement and operatively linked with 
the former through an interposed gaseous 
medium, said elements having opposed, an- 
nular, non-contacting surfaces so extensive 
and closely proximate that the whirling me- 
dium exerts а strong and steady turning 
effort upon the secondary element, substan- 
tially in linear proportion to the speed of 
the primary. 

21. The combination, in a rate indicator, 
of а freely rotatable primary and а tor- 
sionally-resisted indication controlling sec 
ondary member mounted for separate move- 
ment, with their opposed non-contacting 
symmetrical surfaces confining therebe- 
tween a resident fluid body and arranged i 
such close proximity that the fluid, en- 
trained in circles by the rotating primary 
exerts a torque on the secondary member 
in substantially linear proportion to the 
speed of the former. 

22. In combination, іп а speed-indicator, 
a rotatable primary clement, а biased sec- 
ondary element, a fluid body between and 
around them, said elements having opposed 
non-contacting extensive surfaces in such 
close proximity that the resident fluid bod; 
therebetween transmits torque to the second- 
ary in substantially linear proportion to the 
speed of the primary element, and means 
for minimizing the rotary effort transmitted 
through the fluid around the elements. 

23. A rate indicator comprising а struc- 
ture confining а substantislly unchanging 
body of fluid and including сл extensive 


annular surface of a freely rotatable mem- 
ber, arranged to impart circular motion to 
annular sur- 


фе fuid, end s confronting 
face of an indication-control] 
displaceable member, ren, 

momentum of the flu 
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24. A speed indicator comprising rwo ele- 
ments mounted for separate. movement in а 
fluid medium, one of the elements bein 
freely rotatable at varying speeds, and the 

5 other pivoted and biased against angular 
displacement, said elements having opposed. 
mon-contacting extensive symmetrical sur- 
faces in such close proximity that torque 
transmitted through the intervening fh 
body in substantially linear proportion to 
the speed of the primary element, and a 
member surrounding said elements and 
minimizing the flow of the fluid along the 
exterior surfaces of said secondary element. 
25. In a device of the character described, 
the combination of a rotatable primary ele- 
ment, a spring-biased secondary element, 
casing surrounding the same and a fuid 
body filling the casing. said elements hav 
opposed non-contacting annular surfac 
such close proximity that the rotary еі 
exerted through the fluid body on the sec- 
ondary element is proportionate to the 
the primary element, some parts of. 
ing being so closely proximate to said 
elements as to minimize torque-transmitting. 
flow of the fluid along the exterior surfaces 
of the secondary element 
20. An wir drag speedometer wherein a 
rotatable primary variablespeed element 
and а Бак pivoted secondary element, 
mounted for separate movement in an air. 
containing casing. have opposed extensive 
smooth annular surfaces in such close juxta- 
position that torque is transmitted through 
the air intervening between said surfaces i 
substantially linear proportion to t 
of the rotatable primary element, 
3T, A speed indicator comprising a closed 
Auid-filled easing, primary and secondary 
elements mounted ther 
tion and the other for 
angular disp 
opposed nen-con 
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ionally resisted 
id elements having 
extensive annular 


аб surfa ing therebetween a smooth in 
tervening- channel wherein confined fluid 
may move in circles under the influence of 
p mber, and between them 
the interior surfaces of the casing sur 
во ing channels wherein thuid contiguous to the 
secon circular. 
moven 1 
surfaces being so closely 
torque transmission hrengh 
55 linearly proportionate tw the speed of the 
primary element 
28. The combination, in a speed 
of a closed casing, a fluid body an 
tatively-movable members therein, means 
өр for rotating, one of the members, means 


for resisting displacement of the other, а 
neans controlled by the last named mei 


ber. 


7 


for reading its displacement in tems of 
speed, said two members having opposed, 
non-contacting imperforate annular surfaces 65 
in such close proximity as to confine there- 
between a film of fluid through which torque 
is transmitted to the resistant member in 
linear proportionality to Ше speed of the 
rotatable member. 

. The 


70 


mbination wit a, closed fluid 
containing casing, of а piwrality of sym- 

trical dies. with smoctl surfaces rota- 
tably mounted therein, means for tor. 
sionally restraining some of said bodies, and 
means for rotating the others, said bodies 
being placed with their surfaces in such close 
proximity to each other and to the walls of 
the casing that the rotating bodies will cause 
an even and undisturbed circular motion of 
the fluid and transmit torque to the torsion. 
ally restrained bodies in proportion to tho 
speed of the others. 

30. In а speed measuring instrument, the 
combination of driving and driven members 
having in opposed closely adjacent non-con- 
tacting relation relatively extensive smooth 
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combi. 
oth 

reto, a similar pivoted 

g for the latter, indi 
with said pivoted 95 
ning casing, sid 


body, a torsi 
eating means movabl 
body, and an mir-con 
bodies having thei 
close, a S 
tervening air transmits torque to the pi 
body in substantially linear. proportion. to 
the speed of the rotatable body 

32. А tach 
„nation, » rotatably 
залей thereby, a pivoted secondary 
torsion spring therefor permit 
displ: stantially 
the indicatin 
means operated by the pivoted elen 


P'nuid.contaiming, casing «дача investing 110 
part of said rotative system, the opposed 
surfaces of the elements being so closely 
proximate to each other and to part of the 
хамид that the fuid- transmitted torque 
causing deflections of the pivoted body 
substantially proportionate to the speed of. 
the primary element 

Tn testimony whereof I аб mv signature. 
in the presence of two subscribing witnesses. 


NIKOLA TESLA. 
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Witnesses 
M. Lawson Drer, 
Тиом J Brus 
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Toallwhomit may concern: 


tion in its broader aspects to matters of de- 


Be it known that I, Микогл Tests, a citi- tail. 


zen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Im- 
provements in Frequency Meters, of which 
tho following is а full, clear, and exact de- 
seription. 

In many instances in practice it is very 
desirable and important to ascertain the fre- 
quency of lic currents or electric oscil- 
lations and therefrom the speed of rotation 
or reciprocation of the generating or con- 
trolling apparatus. 

‘The devices commonly used at present for 
this purpose and designated “frequency me- 
ters” generally consist of reeds or bars tuned 
to respond to impulses of definite periods, 
ог а direct current dynamo coupled to the 
alternating generator or frequency controller 
and connected with an instrument, of volt- 
meter construction, graduated to indicate 
the instantaneous freq of the current. 
Both of these forms are objectionable from 
many points of view, being subject to vari; 
ous limitations of pragtical availability and 
to disturbing influences, all so well known to 
experts as to dispense ith the necessity of 
enlarging upon them on this occasion. 

Му invention has for ite object to provide 
а frequency meter of great accuracy, struc- 
tural simplicity, wide range of use, and low 
cost, all adequate to тесі the pressing de- 
mand for a commercial and scientifically sat- 
isfactory instrument of improved form. 

the drawings, wherein I have illus- 
trated а single embodiment of my invention 
for purposes of disclosure,— 

Fig. 1 is a central vertical section through 
the frequency meter, with diagrammatic ex- 
tension to indicate an available manner of 
connecting it to a two-phase generator; 

Fig. 2 is an end view; 

Fig. 3 is a side elevation with the cover in 
section, and Fig. 4 is a side elevation of the 
instrument from its reading side. 

It will be understood that the specific con- 
struction of instruments embodying my in- 
vention may be modified in many ways ac- 
cording to the demands of the electrica! or 
mechanical environment їп which it is to be 
used, and while I shall describe in detail a 
specific construction, illustrated in the draw- 
ing, it is withont intent to limit my inven- 


5 represents diagrammatically а two-phase 
generator, typifying the machine controlling 
the frequency to be measured, and having 
suitable connection by wires 6 with the syn- 
chronons-motor element of the frequency 
meter, indicated аз а whole by 7. ‘The motor, 
8, will of course have field poles and arma- 
ture bars appropriate to the character of the 
current supplied from the generator 5, tho 
motor being of the split-phase, two-phase, 
ог other type, as needed. А frame 10, hav- 

ing lugs 11, or other means of support, рго- 
vides a cup-formed shell 12 with в top wall 
13 furnished with a central bearing tube 14 
and with suitable supporting means, as 15, 
for thestationary field structure 16. A cap 17, 
screw threaded at 18, and suitably packed, 
hermetically seals one side of the motor сав 
ing into which the connecting wires are led 
through any suitable sealing and insulating 
bushings 19. 

For accuracy and promptness ot response 
to frequency-variations, the armature struc- 
ture 91, as. a whole, with its attachments 
should be of very light weight and’ во 
equipped that its work is minimized. Hence 
it is important both that the construction of 
the armature element be designed with ref- 
erence to smallness and consequent lightness 
of parts, and that its frequency-indicating 
equipment be of a character imposing the 
lightest load on the armature. Specifically, 
the armature laminr 22 аге carried оп а 
light disk 23, fixed to the vertical shaft. 94, 
that is supported by ball bearings 25 aud 28, 
in tube 14, and, above the 13, carries 
the driving member of the indicator devico 
88. This appliance comprises, as its pri 
mary element, 99, а non-magnetic disk 30, 
of brass, say, having. annular spaced,. con- 
centric walls 21, and as its. secondary elo- 
ment, 32, a pivoted part including тегу 
light, annular walls 38 interleaved with the 
walls 31 and affording extensive smooth fric- 
tion surfaces, very closely adjacent to, but 
not contacting with, the Kindred surfaces of 
the primary member so that through tho 
thin films of fluid, preferably air, interven- 
ing between them, torque may be transmit- 
ted from the primary to the secondary ele- 
ment іп sul ially linear proportion to 
the speed of the primary, Posts 35, mounted 
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in the top wall of the frame, support = 
bridge piece 36 that carries а bearing yoke 
87, affording upper and lower jewel bear- 
ings 38 and 39, the former contained in s 
5 bushing 40 threaded for adjustment in the 
yoke and set by a nut 41, such bearings re- 
ceiving the spindle 42 from which extends, 
rigidly, the arm 49 carrying the annular 
walls of the secondary element, A spiral 
spring 44, fixed at опе end to the shaft 42 
and at its other end clamped adjustably in 
э the split stud 45 on bracket 37, permits го- 
tary displacement of the secondary element, 
ially in linear proportion to the 
force applied. A scale 49, printed on or 
otherwise affixed to the outermost wall of 
the secondary element, is graduated in units 
of frequency and its indication point is de- 
termined by a fixed pointer 49 that is fixed 
at the edge of a transparent sealod window 
50 of the casing shell 51 of cup formation, 
that is secured in sealed relation to the wall 
18 as by packed screws 52 enga 
53 on the bridge piece 36 so t complete the 
hermetic enclosure of the chamber conta 
ing the indicating elements. Such hermetic 
closure is not necessary in many instances 
but may be desirable. 
Tn my copending application Serial No 
841.726 filed May 29th, 1 
1,209,359 I have set forth in detail certain 
laws the observance of which results in at- 
tainment of rigorous proportionality of de- 
flections to speed in an “air drag" instru- 
ment, and all of such conditions may һе ob- 
served to advantage in constructing the in- 
dication-giving element of the frequency 
meter 
lt will be noted that an instrument 
here many structural 
operative advantages. The translatin; 
strument, giving the. frequency - reading, 
when constructed for use of nir as the trans- 
mitting medium, may be of size to give am- 
ple torque, but if desired the ensealed mech- 
Aniem may be operate in ar or other, pref- 
arubly inert, gases of more than atmospheric 
density for increase of the torque: The air 
drag instrument is substantially unaffected 
іп accuracy by temperatare changes, with- 
out special c ing mechanism, and is 
therefore practically insensible to the heat- 
ing effect of the subjacent motor, and the 
double-chamber construction segregating the 
35 motor and translating device prevents the 
latter from being affected by air-currents 
engendered by the motor-operation. Fur- 
thermore, the indicator structure may be 
made immune to magnetic influence and 
eddy currents, however intense, by making 
its Secondary element of appropriate non- 
shrinkable, insulating material, аз com- 
pressed fiber, although in many instances 
the partition 13, acting ss a shield for the 
65 indicator obviates the necessity for such pro 
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vision. The sinall size, low cost and ease of 
maintenance, due to the simplicity of the 
construction are especially desirable. 

‘What Г claim 

1. In a frequency meter, the combination 
of & synchronous motor, and a speed-respon- 
sive device, having a primary element con- 
nected to the armature shaft, and a pivoted 
torsionally-restrained secondary element, de- 
flectable in substantially linear proportion 
to the speed of the primary and calibrated 
in terms of electrical frequency. 

2. In а frequency meter, the combination 
of a synchronous motor and a speed-respon- 
sive device, said motor having an armature 
of light construction and said 'spoed-respon- 
sive device comprising a primary element 
carried in rotation hy said armature, and a 
torsionally restrained secondary element, 
these elements having extensive confront: 
ing. closely adjacent ‘friction surfaces, со. 
operating through interposed films of a fluid 
medium for displacement of said secondary 
clement in substantially linear proportion to 
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3. In а frequency meter, tho combination 
synchronous motor and n epeed-respon- 
device, the former having an armature 
of lizht construction and the latter comprit 
ing а primary element. carried in тон 
by said armature. and а torsional 
strained secondary element, these elements 
having extensive confronting, closely adja- 
cent friction surfaces, cooperating through 
interposed films of air for displacement of 100 
Said secondary element іп substantially 
linear proportion to the speed of rotation of 
the primary element, said secondary bearing 
calibrated in terms of frequency. 
4. А frequency moter comprising, i 
bination, a synchronous induction motor, 
having a shell carrying the field, and a rota- 
table armatnre within the chamber of said 
shell having its shaft extended through said 
and а speed-responsive device, com- 11v 
prising a closed casing, a non-magnetic pri- 
mary clement mounted upon said armaturo 
shaft. а separately mounted secondary ele- 
ment pivoted and torsionally restrained, 
said elements having opposed, closely adja: 115 
cent non-contacting surfaces, co-operating 
through interposed films of а fluid medium 
through which torque is transmitted to the 
secondary in approximately linear propor- 
tion to the «pced of the primary member, 
and a visible scale uniformly graduated in 
terms of frequency carried by the second- 
ary member. 

5, А frequency meter comprising а sealed, 
aircontaining casing divided into two со 
partments, a shaft extending into both com- 
partments, a synchronous motor in ono còm- 
partment adapted to drive said shaft and an 
indicating device in the other, said device 
having a primary rotatabio clement con- 130 
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nected with the shaft, в separately mounted, 
indication-controlling element and а spring 
restraining the latter, said elements having 
extensive, confronting, closely adjacent, non- 
contactinz surfaces cooperating through the 
interposed air films for displacement of the 


а 


ance caused by rotation of the former. 

Т. A frequency meter comprising a casing 
divided into two compartments, a shaft ex- 
tending into both thereof, a synchronous 
motor іп one compartment adapted to drive 
said shaft and a speed-responsive device in 
the other having a primary element con- 
nected for rotation with said shaft, a sepa- 
rately mounted, torsionally-restrained indi- 

ating element, said elements having exten- 
sive confronting, closely adjacent, non-con- 
tacting surfaces ‘cooperating through inter- 


posed gaseous films tor displacement of the 
secondary, approximately in linear! ргорог- 
tion to the specd of the primary clement. 

8. In a frequency meter, the combination 
of а synchronous motor and a вресй-геврол- 
sive device, said motor having a light arma- 
ture and а shaft, and said speed responsive 
device comprising a primary element of non- 
magnetic material carried by the armature 
shaft and a torsionally-restrained secondary 
element, these elements having extensive 
confronting, closely adjacent, non-contact- 
ing surfaces cooperating through interposed 
films of a fluid medium for displacement of 
the secondary element in approximately 
linear proportion to the speed of the pri- 
mary element, and a containing structure 
ensealing the speed responsive device, 

9. In a frequency meter, the combination 
of a synchronous motor having an armature 
of light construction, a speed-responsive de- 
vice ‘comprising a primary clement carried 
in rotation by the said armature and a tor- 
sionally-restrained secondary, element, said 
elements having extensive confronting, 
closely adjacent friction surfaces cooperat- 
ing through interposed films of air for dis- 
placement of said secondary clement in sub- 
stantially linear proportion to the speed of 
rotation of the primary element, and means 
interposed between the armature of tho 
motor and the specd-responsive device for 
shielding the latter from air disturbance 
caused by rotation of the former. 

In testimony whereof I affix my si 
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UNITED STATES PATENT OFFICE. 


NIKOLA TESLA, ОР NEW YORE, N. Y. ASSIGNOR TO WALTHAM WATCH COMPANY, ОР 


WALTHAM, MASSACHUSETTS, A CORPORATION OF 


SPEXD-INDICATOR. 
1,274,816. Specitcationof Letters Patent Patented Aug. 6, 1918, 
Application fled December 18, 1916. Serial No. 187,691. 

To all whom it may concern: ments respectively adapted to measure rela- 

Be it known that I, Мкогл Testa, a citi- tively high and low speeds, but nevertheless 
zen of the United States, residing at New it is true that although such instruments, 
York, in the county and State of New York, when built for high-speed indication, may 


6 have invented certain new and useful Im- 

provements in Speed-Indicators, of which 
the following is a full, clear, and exact de- 
scription. 

Among the desiderata of speedometer con- 
struction are these: that the torque exerted 
upon the. secondary, or indication-giving, 
element shall be lincarly proportional to the 
speed of the primary member rather t 
1 the square of the speed (аз instanced in 
centrifugal speedometers); that the tor- 
sional effect at low speeds shall be stron, 
and steady so that particular delicacy о 
construction may not be necessary and that 
minute causes of theoretical errors (such as 
bearing-friction, spring-inequalities and the 
like) may be negligible in effect; that the 
torque шау be substantially unaffected by 
changes of extraneous conditions, as of tem- 

ture, atmospheric density and magnetic 
influence; that the instrument be inherently 
dead-beat and relatively insensible to me- 
chanical vibration; and that ruggedness, 
simplicity and economy, for attendant dura- 
bility, manufacturing facility and low cost, 
30 be attained. Му present speedometer real- 
izes these advantages and provides, also, an, 
appliance that is suitable for great, as well 
as very small, velocities, exact in its read- 
ings, uniformly graduated as to scale, and 
unaffected by changes of temperature or 
Preasure within as well as without. 

In my Patent No. 1,209,359, dated Decem- 
ber 19, 1916, I have described a new 
of speed measuring instrument wherein the 
adhesion and viscosity of a gaseous medium, 
preferably air, is utilized for torque-trans- 
mission from a primary driving to а second- 
ary pivoted and torsionally restrained mem- 
ber under conditions such that tho rotary 
effort exerted upon the latter is linearly pro- 
portional to the rate of rotation of the for- 
mer. The principles of that invention find 

laco in my present construction. Such “air 
jometers have been found capable 

50 of meeting satisfactorily the commercial ге- 
quirements for both large and smal! instru- 
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be of sturdy construction, they must, when 
designed for low-speed measurement, be 
built with great precision and delicacy. 
This because the inertia of the secondary 
clement must be kept extremely small for 


desirable promptness of response to very 
slow starting speeds and consequent feeble- 
ness of the turning effort. In some in- 


stances, therefore, it is highly desirable to 
employ а transmitting medium giving а 
much greater torque than air with concomi- 
tant extension of the low-range of accurate 
speed reading, quickness of responso, prac- 
ticable decrease of size of parts and lessen- 
ing of snsitiveness to disturbances such as 
vibration of the instrument as а whole. 

АП of the stated objects І accomplish by 
employing аз the torque-transmitting mo- 
dium between the dri d driven elo- 
ments a body of suitable liquid, (e. g., mer- 
cury) under conditions (as set forth in my 
prior application referred to) proper to 
secure linear proportionality of deflections, 
and, further, by making provision automati- 
cally to compensate for the changes in the 
viscosity of the liquid that accompany varia- 
tions of temperature. The latter equipment. 
is unnecessary in my airdrag speedometer, 
but mercury end other liquids of relatively 
great density that might bo employed for 

ате not 


ту present purposes е quality 
of approximate self-compensation for tem- 
perature changes-that inheres in air, owing 


to the fact thet the viscosity of such a liqui 
decreases rapidly as its temperature rises, 
and so to a suc "mercury-drog" in- 
strument temperature compensation is req- 


uisite. 

Tho underlying ideas of this invention 
can be carried ош. in various ways and are 
capable of many valuable uses, but for pur. 

of disclosure, specific reference to а 
Form of speed indicator designed for use on 
an automobile is adequate. 

As in the structure described in my stated 

rior application, I provide driving and 
ps rombors with confronting, closely- 
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adjacent, non-contacting, smooth, annular 
friction Surfaces, co-acting for transmission 
of torque through the viscosity and adhesion 
of interposed thin films of suitable me- 
dium—in this case mercury—under condi- 
tions to prevent free exchange of fluid acti 
оп the system, to prevent its local circu 
tion and eddying, to maintain its flow calm 
and non-turbulent, and to secure as low ve- 
locity of the medium with respect to the 
system as the circumstances of the case may 
make desirable. These conditions all aid in 
ttainment of rigorous linear propor- 
tionality of deflection of the secondary to 
the speed of rotation of the primary element 
under given temperature -onditions. Ad 

tionally, by suitable construction I make it 
possible tc obtain-a nearly perfect compen- 
sation for temperature changes so that the 
deflecti be rigorously proportionate 


jons пи 
to speed within limits of temperature va 
tion wider than I believe likely to occur in 
the practical use of the instrument. I at- 

in this compensatory result by providing 
thermo-respopsive means to vary the effec- 
tivo area of the secondary element upon 
which the medium acts in spproximately 
inverse proportion to temperature-effected 
changes of viscosity of the medium, and as 
в preferred specific means to this end, T 
dispose a body of the liquid beyond, but 
communicating with, the active portion of 
the liquid medium and of such quantity 
that, in effectively the same measure as vis- 
cosity and, consequently, the torque is di- 
minished or increased with, temperature 
changes, the active liquid-contacting area of 
the secondary member is enlarged or reduced 
и to the expansion or contraction of Ше 


fluid. 

Tn tho drawing Figure 1 is а top view of 
lometer ; 
2 is а central vertical section there- 


3 shows a spring adjusting arrange- 
ment; and 

Fig. 4 and Fig. 5 are diagrams explana- 
tory of the compensating principle. 

Та Fig. 4 the primary or driving member 
isa cup 10 carried by а freely rotatable ver- 
tical shaft 1 ‘thin it the cylinder- 
formed secondary member 12 iè mounted on 

pindle 12, journaled in jewels 14 and 15 
of negligible friction, for pivotal displace- 
ment against the restraint of а spiral spring 
16, connected at its ends respectively to 
fixed support 17 and spindlocollar 18, so 
that by pivotal displacement of the second- 
ary cylinder against the resisting spring 
tension, the torsional effort exerted on the 
secondary member may be measured. The 
spring is such that its displacements ere 
linearly proportionate to the force applied. 
‘The lower portion 19, of the cup-chamber is 
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а reservoir filled with the liquid, 20, ая mer- 65 
cury, and the liquid normally extends part 
way up the very narrow interspace 21 be- 
tween the two elements to contact with ler 
than the whole of their confronting friction 
surfaces. With mercury as the medium, in 70 
an instrument with a secondary cup of one 
inch diameter I find an interspaco-width of 
0.05 inch to be satisfactory. 

Tt will now be seen that when shaft 11 is 
rotated the mercury in the cup is entrained 75 
and im turn produces a drag upon t 

ivoted member 12, the torsional effort being 

rectly proportionate (о the active ares, 
viscosity of the flüid and the speed of rota- 
tion and, inversely, to the width of the inter. 
space 21 or distance between the rotated and 
pivoted surfaces. If v be coefficient of vis- 
Cosity, A the active area, е the speed and d 
the distance between the juxtaposed rotating 
and pivoted surfaces, all of the quantities es 
Leing expressed in proper units, then tho 
twisting force 


80 


вези dynes. 5 
When, throug changes in the exteras con- 
ditions or work performed on the fluid, the 
temperature of the same is raised, two ef- 
fects, separate and distinct, are produced, 
In the first place, the viscosity is diminished 90 
according to а certain law, reducing corro- 
spondinglv the torque, on the other hand, 
the fuid expands thereby enlarging tho 
areas of the active, or liquid - contracting, 
Surfaces of the elements with an attendant 109 
increase of rotary effort, Obviously, then, if 
it is possible во to relate these actions that 
they mutually апаш each other upon any 
change of temperature, а complete compen- 
sation may be obtained. This result, I 108 
have ascertained, can be almost perfectly 
relied with a Шш, as mercury by prope 
erly proportioning the volume of the cham- 
ber-contained, or compensating, component 
20 of the liquid and the cómponent 20" of 116 
the liquid in the interspace 21. With a view 
to simplifying this explanation, be it sup- 
that the force Fis wholly due to the 
d component 90+ (the drag exerted on 
the bottom face of cylinder 12 being assumed 115 
to be negligible ond the bearings to be fric- 
tionless). It will be evident that under these 
conditions the active area will increaso as 
the volume of the fluid. Perfect compensa- 
tion would require that upon а rise of tem- 122 
perature, the active area, and therefore the 
Torsional effort, be augmented in the samo 
ratio as viscosity is diminished. In other 
words, the percentage of decrease of vis- 
cosity divided by that of increase of area 12» 
Should be the same for all temperatures 
Attention is called to the table bolow show: 
ing that, with mercury as the modium, the 
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value of this fraction at ordinary tempera- 
tures is about, or not far from, 20. 
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‘This means to say that if the total volume 
of the liquid is twenty times that contained 
in the interspace between the elements, the 
two opposite effects, one increasing and the 
other reducing, the torque, will approxi- 
mately balance. This fact is borne out by 


ractícal tests and measurements, which 
have demonstrated that by constructing for 
d 
n 


this volumetric ratio deflections very 
Droportiopate to the speed are ob 
through a range of temperature. 
far greater than ordinarily occurring 
commercial purposes it is quite sufficient to 
employ a ratio of approximately the stated 
value as the error involved in a small de- 
parture therefrom is inconsiderable. When 
necessary or desirable, greater precision can 
be obtained by taking into account four sec- 
ondary effects, due to expansion or contrac- 
tion of the walls, which slightly modify the 
torque; first, changes in the volume of the 
reservoir; second, in the distance between 
the opposed surfaces; third. in active area 
and, fourth, in velocity. Increase in the 
former two tend to diminish, the latter to 
augment, the viscous drag. А satisfactory 
Tatio in'a cylindrical type of instrument 
has been found to be about 24. 

lustrates a different arrangement, 
exemplifying tbe same principle of employ: 
ing а reservoir-contained liquid body as 
thermo-responsive means to compensate for 
viscosity changes of the active liquid. In 
this ease a spindle-carried disk 12" serves as 
a secondary clement, while the prima 
member consists of а hollow shell 107 wit 
annular surfaces 23 confronting the disk 
surfaces and encompassed by an annular 
chamber 207, so that under rotation the mer- 
ситу body fills the chamber and occupies 
peripheral portions of the interspaces 21 
between the flat confronting surfaces. Tt 
із hardly necessary to remark that since 
there аге two such interspaces 21, the cal- 


6 have any suitable number of indicating ele- 
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culation of capacity of the reservoir or 65 
chamber 207, beside considering tho form of 
the device, must take account of the active 
mercury body in both interspaces. 

In Figs. 1 to 3 a complete commercial in- 
strument embodying my invention is shown. 
Specifically, 95 is a tube threaded at 96 and 
carrying at the top a casing head 97 the 
whole forming a housing for inclosure of the 
moving parts. The driving shaft 28 carries 
а cylindrical cup 99 in the bottom of which 
is screwed a plug 30, turned down as 31 for 
the purpose of providing the reservoir 32 
The cup 29 is closed at its upper end by a 
tight fitting cover 33, having an upwardly 
extending shank 34, carrying a pinion 35 to 80 
drive suitable wheelwork 36 of the odometer 
contained in the lower part of the head 27. 
This structure, providing the primary ele- 
vent, is rotatable in ball-bearings 37 and 28 
fixed їп tube 25 and adjustable by means of 
nuts 39. 

The secondary element is made of a very 
thin metal cup 40, inverted and secured to 
slender spindle 41 mounted in jeweled bes 
ings 42 and 43, respectively carried in a 
cavity of plug 30 and by a frame arm 43”. 
A running bearing 42 can usually be em- 
ployed without detriment, but a fixed becr- 
Ing may be used if desired. The weight of 
the secondary member with its movable at- 
tachinents should be so determined that the 
upward thrust against jewel 43 is very ' 
slight. The torsional twist of secondary cup 
40 is resisted by a spiral spring 44 lodge 
in a turned recess of a frame plate 45, hay. 
ing one of its ends connected to collar 46 
fast on the spindle 41 and the other to а 
split ring 47 spring-gripping the wall of 
the recess in plate 45. Бу inserting pincers 
in holes 48 (Fig. 5) and contracting the ring 
it is freed sufficiently for adjustment to 
bring the spindle-carried indicator 49 to 
point to zero of the graduated scole 50 that 
3f all of the principles of my invention are 
best embodied, may be made uniformly 
graduated. The scale is carried on plate 
45 and, together with the support 
held in'place by a rim 53 that suitably car- 
ries tho glass cover 52, The odometer may 
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ns 
ments of diferent orders suitably geared, 
n A 54 w ri sweeping over 
graduated dials 56 and 57, typifying an; 
‘suitable construction. А 
It will be apparent that the high torque 
at low speed developed through the mer- 
curial transmitting medium makes the in- 
сакен very ‘effective аз ons for ще On 
automobiles, and while it is true that with 
а heavy fluid, as mercury, the range of ve- 
locity of the medium throughout which pro- 
portionality of torque to speed, under the 
described conditions, is rigorously linear 
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falls below the range avajlablo where air is 
the medium, a construction presenting the 
friction surfaces of the elements in « cylin- 
der-form as suggested in Figs. 2 and 4 per- 
mits of the use of а suitably constructed de- 
vice with а small-diameter secondary to 
measure very high speeds without imparting 
to the medium a linear velocity beyond its 
stated range. For the successful use of 
mercury in the present described instrument 
(or other rotary devices) it is important 
that the mercury be pure, the surfaces con- 
tacting therewith smooth, clean and non- 
granular (preferably nickel-plated or made 
of non-corrosive, high grade steel) to mini- 
mize abrasion and keep the mercury clean, 
and that the linear velocity of the mercury 
be kept low, preferably below six feet per 
second, in order that it may not break up into 
minute droplets or apparently-powdered 
form, 

What I claim is 

1. In combination, driving and driven ele- 
ments, having opposed, closely-adjacent, 


non-contacting friction surfaces; a liquid 
body interposed between active areas thereof 
through which the driving element 

tionally drags the driven one and thermo- 


45 


id surfaces less than the whole thereof, 
And thermo-responsive means for varying 
the liquid-eontacting areas of said elements 
Approximately inversely to the. thermo- 
а variations of liquid viscosity. 


3. In в temperature-compensating speed 
indicator, the combination of variable speed 
primary and movement-restrained secondary 
elemenis- that are suitably supported for 
separate movement and have ор) closely- 
adjacent non-contacting friction surfaces; 
an interposed liquid body end thermo-re 
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sponsive means for varying the active areas 
of said surfaces in predetermined ргорог- 
tion to thermally effected changes of liquid 
"ei. pensa d 
a temperature-com i 

indicator, the combination of vari ble speed 
primary and movement-restrained secondary 
elements that are suitably supported for 

rate movement and have opposed 
closely-adjacent non-contacting friction sur- 
faces; a liquid body partially filling the in- 
terspace between said surfaces, and thermo- 
responsive means for varying the liquid 
quantity within in said interspace in pre 
letermined inverse ratio to thermo-effected 
changes of liquid viscosity: 

5. combination witb driving and 
driven elements having oj , closely- 
adjacent, non-contacting friction’ surfaces 
and an interposed liquid body contacting 
with active portions thereof, of a compen: 
sating liquid body communication with the 
said interposed or activo one, and propor- 
tioned to vary the effective contact area of 
the activo liquid approximately inversely 
to its temperature-effected viscosity chan; 

6. The combination with freely movable 
driving and movement-resisted driven ele- 
ments, having friction surfaces in opposed, 
closely-adjacent non-contacting relation, of 
теше ing а reservoir, communi 
ing with the interspaco between said ele- 
ments, and a liquid body having a reservoi 
filling component and an activo torque- 
transmitting component that normally, 
partly occupies said interspace, these coi 
ponents proportioned volumetrically for 
temperature-effected change of the contact 
area of the active component in approxi- 
mately inverse ratio to the attendant 
changes of liquid viscosity. ЕА 

. In a temperature-compensating sj 
indicator, ‘the combination of а trey Tola- 
table cylindrical cup; a cylinder-formed 
member in the upper portion thereof, 
pivoted and gpring restrained; and а body 
of ing the resorvoir-portion of 
the cup below the pivoted member and ex: 
tending partially in the narrow interspace 
between the сер and cylinder. rà 

In testimony whercof I affix my signature. 

NIKOLA TESLA, 
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‘WALTHAM, ‘A CORPORATION OF MASSACHUSETTS. 
SHIP'S L0G. 
1,314,718. Specification of Letters Patent. Patented Sept. 2, 1919. 
Application fled December 18, 1916. Serial No. 137,890. 
To all whom it may concern: More advantageously in some 


‘Be it known that I, Nrxora Testa, а citi- 
zen of the United Siates, residing at New 
York, in the county and State of New York, 

8 have invented certain new and useful Tm- 

rovements in Ships’ Logs, of which the 

Following is a full, clear, and exact descrip- 
tion, 

My invention provides a ship's log of 

16 novel and advantageous consiraction end 
operation, designed to give instantaneous 
rate-readings, as in knots; or miles per hour. 
The customary log is trailed astern, twisting 
the flexible connector that drives a revolu- 

18 tion-counter on the vessel, and many dis- 
advantages of such arrangement are obvious. 

Tn my instrument T combine very advan- 
tageously а propeller rotatable proportion 
ately to vessel-speed and a speed indicator 

20 driven by it and reading directly in the de- 
sired terms, preferably upon a substantially 
uniformly-graduated scale. 

Tn the drawings, Figure 1 diegrams tho 


logi H 
PEUT 


lows it їп vertical section; 


3 illustrates speed-indicator parts 
with the casing broken away; 
Fig. 4 is a section on lino 4—4 of Fig.3; 


Fig. 5 is а section on line 5-5 of Fig. 2. 
Fig. 6 shows in section a turbine form of 

propeller; and ои 9 
ig. Tis а section on line 7—7 of Fig. 6. 
To the vessel 10, preferably near its bow, 
is suitably affixed a tube or barrel, 11, with 
зв а threaded plug 12 closing its lower end, 
where the tube preferably dips below the 
level of the boat's keel. At the top—near 
the deck or other point of observation—the 
speed-indicator 13 is mounted, its casing 14, 
10 that carries all of the moving parts being 
detachably secured, as by screws 15, to the 
top-flange 16 of the barrel. А boss 17 on 
the underside of casing 14 supports the ball 
bearing 18 for the primary element of tho 
45 indicator and а seal 19 for its flexible е- 
aft 90 that connects preferably through a 
slip-joint squared union, 21, to a propeller- 
driven part. The propeller may be of com- 
mon form as shown in Fig. 2, at 22, with its 
50 аны 06 мене i епу moon eed in the ур 
Spanning passage 25 of a 
is keld in register with Sorte 27 and 28 by 
T ті У 
ideribs 2% Such а propeller drives the 

ғ Shaft 20 through bevel gears 30. 


30 


however, a turbine propeller of simple con- 
struction may be employed, ss shown in 
Figs. 6 and 7. ‘Tho rotor in this instance 
has a vertical shaft 927 and the wheel 29 
is formed of thin, parallel, closely-spaced 
disks each having a central opening. The 
wheel is jn а cylindrical housi 
36^ that has inlet nozzles 31 and outlet ports 
82 so disposed that the water enters the in- 
terspaces between the disks tangentially to 
rotate the wheel and finds escape through 
the ports 52 that communicate with the cen- 
tral orifices of the disks. This type of 
construction has many advantages due to its 
reliability and efficiency, but preferably it 
should be constructed to pet the disks 
and casing to be readily cleaned, casing 26° 
being made in two horizontal sections bolted 

ther as at 33, cach section having а de- 
tachable head 24. 

A flexible and longitudinally clastic 
sleeve, 35, of coiled strip metal is fastened 
at opposite ends by threaded caps 36 and 
37 to the boss 17 and to a threaded part оп 
the propeller casing, so that the propeller 
mechanism is supported from the indicator 
casing for removal therewith, 

By suitably constructing the submerged 
parts of bronze, enameling them, or other- 
wise making them substantially immune to 
corrosion, adequate durability is attained, 

the facility of removal for cleaning, 
ing, repairs, etc., makes the under-water 
parts easy to maintain in good order. The 
pliant shaft, slip-connect one end and 
its stout protective sleeve, strong yet flexible. 
and extensible frees the bearings from strain 
and makes the connection uniformly effi- 
ciont under changes of conditions as to 95 
temperature, etc. f 

ho speed indicator 13 preferably pro- 
vides as its primary element 41 а multiple- 
walled cup, fast on shaft 90, and аз а 
secondary, or indication-giving, member a 100 
lightly-constructed pivoted, multiple-walled 
inverted cup structure 42, with the annular 
walls interleaved in closely adjacent non- 
contacting relation for transmission of turn- 


ing effort from the опё to the other through 105 
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intervening films of the casing-contained 
fiuid medium, as air, in approximately linear 
proportion to, the ‘peck of tho primary. 
jpecifically the. secondary cups are de- 
pendent from an arm 43 projecting from 110 


Р-406 
а 


spindle 44, having jewel bearings in yoke 
%, that spans 


45 carried by bridge-piece, 


What Iclaim is: 
1. In ship's log, а barrel having water 
flow openings hear its bottom, a speed-in- 
dicntor detachably secured to one end of the 
barrel, а flexible shaft for the si Ж 
cator, а propeller connected to the shaft- 
end, а housing for the propeller, regi: 
with the water-flow openings, and a sleeve 
surrounding the shaft uniting the housing 
30 and casing, for extraction of the propeller- 
arts when the speed-indicator is removed 
тол бе po log, а barrel, а speed i 
n a ship's log, a barrel, а in- 
dicator having a casing secured detachabl 
% to the upper of obsorvation end of the barrel, 


1,816,718 


propeller having housing and adapted 
to pass through the barrel, А flexible shaft 
slip-tted to connect the propeller and speed 
indicator, and a flexible connecti 


housing and indieator-casing. 


the propellei 40 
3. In a ships log, the combination of à 
barrel having waterflow openings near its 


bottom, а speed indicator having a casing 
detachably secured to one end of the barrel, 
a shaft for said indicator extending 
centrally through the barrel, а propeller for 
the shaft end, а housing for the propeller, 
said housing being smaller than the barrel, 
and a sleeve surrounding the shaft uniting 
said housing and said indicator casing for 

extraction of the propeller parts 
speed indicator is removed from 


n 
when the 
the bere 5 Sd 

. In a ship's log, a barrel, a speed indi- 
cator having à easing securod detachably to 
the upper end of ће barrel, a propeller fiav- 
ing а housing and adapted to pass through 
the barrel, there being registering open- 
ings near the bottom of the barrel amd in 
said housing for water-flow to the propeller, 
а flexible shaft connecting said propeller and 


ing speed indicator and making axially slidable 


connection with one thereof, and a flexible 
und axially expansible sleeve connecting the 


propeller housing and the indicator casing 65 
for extraction of the propeller parts when 
the speed indicator is removed from the 


In testi hereof I affix my signatu 
testimony wh TROLA TESLA. 
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FIOW-METER. 
1,365,547. Spectication of Letters Pateat Patented Jan. 11, 1921. 
Application fled December 18, 1916. Serial No. 197,008. 

То all whom it may concern аз to dispoge the turbine rotor approxi- 

‘Bo it known that I, Nrxora Testa, a mately at the center of the main, and of 


citizen of the United States, residing at 
New York, in the county and State of New 
York, have invented certain new and use- 
ful Improvements in Flow-Meters, of which 
the following is а full, clear, and exact de- 
seription, 

[y invention relates to meters for meas- 
urement of velocity or quantity of fluid 
flow. Its chief object is to provide в novel 
structure, simple, inexpensive and efficient, 
directly applicable to a conduit through 
which the fluid flows, and arranged to give 
instantaneous readings in terms of velocity, 
or quantity. 

Тї the drawings I have shown а single 
embodiment of my invention in desirable 
form, and therein— 

Figure 1 is a centra 
showing the device in use xS 

Fig. 2 is a plan detail of the indicating 
instrument with parts in section; | 

Fig. 3 is а horizontal section on line 3—3 
of Fig. 1, and Г 
Tig eam enlarged section on line 4—4 
E 1. 

Assuming that the flow of liquid 10 
through в main 11 is to be measured as in 
gallons per hour, or feet per second, the 
hain is tapped as at 12 and into the threaded 
orifice is serewed the body-casting of the 
flow-meter 13. This casting has a threaded 
waist 14, centrally apertured to receive the 
bearing bushing 15, the upper portion of 
the casting being formed as a shell 16 for 
incasing the indicating mechanism, and its 
lower portion prolonged as а tube 17, ter- 
minating in а head 18 to receive the flow- 
driven element. The latter, I prefer, shall 
be a turbine of the type commonly identified 
be my name. Illustrating simply its essen- 
tial elements, the rotor, 19, is made up 
of centrally apertured parallel disks 20, 
closely spaced and mounted on a shaft, 21, 
extending through a shell 22 confined with- 
їп the head 18 above the plug 93 that closes 
the bottom of the head and carries an ad- 
justable step-bearing screw-24. Inlet noz- 
Zles 25, in the wall of head 18, direct the 
liquid to the disks tangentially to set the 
latter in rotation and the water finds es- 
cape through the outlet passages 26 of the 
Shell 99 and ports 27 of the head 18. Pref- 
erably the length of tube 17 should be such. 


vertical section 


course the turbine will rotate at a 
early proportional to the velocity of the 
fluid at that point, according to a practi- 
cally determined constant, 

‘urbine shaft 91 connects with shaft 30 
of the indicator, that preferably is of mini- 
mal diameter for the work to be done and 
that passes through the long bushing 15 for 
direct connection with the indicator 31. The 
primary element, 32, of this indicator, di 
rectly mounted on said shaft 30, preferably 
comprises а cup having multiple vertical 
walls 33 in concentric arrangement, these be- 
ing interleaved with inverted cup walls 94 
of 'a secondary element 35, that is pivoted 
and torsionally restrained and that bears a 
movable element of the reading scale 
Specifically, the secondary element may have 
its inverted cup walls made of very thin 
aluminum mounted on arm 36, affixed to the 
spindle 37 that runs in jewel bearings cnr- 
ried by a yoke 38, supported on а bridge 
piece 39 spanning the casing 16. A coiled 
spring 40, at one end fast to the spindle 37 
and its other end adjustably secured in 
split stud 41, on bracket 38, resists displace- 
ment of the secondary element which carries 
on its top a reading scale 43, graduated in 
terms of gallons per hour, feet per minute, 
or other units of measurement. This dial 
moves below the stationary pointer 44 that 
is visible through the sight-glass 45, carried 
by the cover cap 46 and tightly sealed. By 
constructing the indicator in accordance 
with principles fully explained in my Pat- 
ent No. 1,209,359 the primary element, act- 
ing through the viscous or adhesive prop- 
erties of air or other fluid medium filling 
the casing, is caused to displace the scale- 
bearing member against the tension of its 

ring substantially in linear proportion to 
the speed of rotation of tho primary ele- 
ment, and by observing the conditions req- 
uisite to make the torque bear a rigorously 
linear proportion to the speed, and making 
the spring to permit deflections proportion- 
ate directly to the turning effort, the scale 
may be graduated uniformly without the 
employment of any compensating mecha- 
nism to this end. 

The pressure or density of the gaseous 
fluid medium in the casing 60 should not be 
subject to change under varying conditions 110 
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of pressure within the пішіп, or the readings 
might be seriously inaccurate; nor, obvi- 
ously, should escape of the liquid from the 
main into the indicator casing be permitted, 
То seal the running bearing of shaft 30 
adequately to withstand very considerable 

ressures, I make what I (егіп a "mercury- 
Fock" by the following provision: the shaft 
30 is made of fine steel of great and uniform 
density and the bushing 15 is preferau'y of 
hard copper, these having diameters leaving 
а clearance of only a few thousandths of an 
inch —much too small for the capillary 
mission of mercury. ‘These surfaces 
treated for amalgamation with mercu 
bearing-portion of the shaft 30 is thinly 
copper plated, and then both bearing sur- 
faces are coated, in a quickening solution, 
with mercury, after which the mercury 
filmed parts йге ussembled. In this way, as 
sought graphicully and exaggeratedly to be 
represented in Fig. 4, the mercury body 50 
is introduced into the very narrow clearance, 
d although it is a unitary seal іп its re- 
sistance to the passage of air or water, it 
may practically be regarded us forming two 
mirror-surfaced films between the bushing 
15 and the copper plating 51 on shaft 30. 
I have found such а mercury lock makes a 
very effective and enduring seal while per- 
miiting adequately free rotation of the 
shaft. -. 

‘The combination of turbine rotor and air 


drag indicating mechanism as above de- 
scribed is ез d 
the small tu 


rugged construction. Furthermore, the 
practical insensibility of the air drag i 
strument to temperature changes, wi 
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special compensating mechanism, makes а 
very simple construction available for many 4» 
ind variant uses. And since linear relation- 
ships exist between the rate of liquid flow, 
turbine-rotation and indicator-displacement, 
accurate marking of the scale in uniform 
graduations depends only upon the estab- 
lishment of certain easily-ascertainable con- 
stants for any given conditions. 

What 1 claim is: 

L А flow-meter comprising a body hav- 
ing a pipe engaging portion, ш lower head 
of smaller diameter and an upper casing, а 
vertical shaft extending through said body, 
a disk-turbine in said head directly connect: 
ed with said shaft, said head having inlet 
nnd outlet openings to the turbine disks, 
and indicating means comprising a rota: 

mary -element directly connected 
with said vertical shaft and а torsionally. 
restrained secondary element displaceable 


ы 


ап indicator in said shell comprising a rota- 
table primary member having a vertical axis 
and directly connected with the upper end 
of said shaft, a torsionally-restrained sec: 
ondary element displaceable by the first, said 
secondary element associated with a scale for 
showing its deflections in desired terms, and 
а horizontal disk-turbine rotor in said head, 
said rotor directly connected, with the bot 
tom of said shaft, said head having inlet 
and outlet openings to the rotor disk. 

In testimony whereof I affix my signature, 8% 
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To alt whem it may concerns 
Jie it known that I, NIKOLA TESLA, a sub- 
ject of the Emperor of Austria, from Smiljan, 
ikm border country of Austria. Hungary, 
5 temporarily residing in Now York city,in the 
State of New York, have invented a certain 
new and useful Improvement in Methods of 
Obtaining Direct from Alternating Currents, 
of which the following is a specification, ref- 
to erence being had tothe drawings accompany- 
ing and forming a part of tho same. 
In nearly all the more important industrial 
applications of electricity the current is pro- 
duced by dynamo-electric machines driven by 
15 power, in the coils of which the currents do- 

veloped aro primarily in reverso directions 
oralternatiug; but as very many electrical de- 
vices and systems require direct currents, it 
has been usual to correct the current alter- 
uations by means of a commutator, instead 
of taking them off directly from the generat- 


ing-coils 
. "ње superiority «f alternating-current ma- 
chines in all cases where their currents can 
25 be used to advantage renders their omploj- 
ment very desirable, as they may be much 
more economically constructed and operated; 
anil the object of this my prosont. invention 
is to provide means for directing or convert- 
ing at will at one or more points in a circuit. 
alternating into direct curronts. 
Stated as broadly as I am able,to express 
it, my invention consists in obtaining direct 
-from altornating currents,or in directing the 
35 Waves of an alternating current so as to p 
duco direct or substantially direct currents 
by developing or producing in the branches 
of a circuit including a source of alternating 
currents, either permanently or periodically, 
and by electric, electro magnetic, or magne i 
agencies, manifestations of energy, ог what 
may be termed: active. resistances of oppo- 
site electtical character, whereby the cur- 
rents or current-waves of opposite sign will 
be diverted through different circuits, those 
of one sign passing over one branch and those 
of opposite sign'over another. — _ 
y consider herein only the case of a 
idod into two paths, inasmuch as 
$о any further subdivision involves merely an 
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1 eireuit, therefrom. 


¢atension of the general principle: Selecting, 
then, any circuit through which is flowing an 
alternating current, I divide such circuit at 
any desired point into two brauches or paths. 
In ойе of these paths I insert somo device to 55 
create an electro-inotive force counter to the 
wares or impulses of current of опе sign and 
milar device in the other branch which 
opposes the waves of opposite sign. - Assume, 
for example, that these devices are batteries, бо 
primary or secondary, ог continuous-current 
dynamo-machines. ‘The waves or impulses of 
‘opposite direction composing the main current 
havon natural tendency to divide between tho 
1жо branches; but by reason of the opposite 65 
Clectrical character or effect of the two 
branches ono will offer an casy passage to в 
current of a certain direction, while the other 
will offer a relatively high resistanco to the 
ге of the same vuirent The result of 
this disposition is, that the waves of cur- 
rent of one sign will, partly or wholly, pass 
over one of the paths or branches, while thoso, 
of the opposite sige pass over the other. 
‘There ‘may thus bo obtained from an alter. 75 
ing current two or more direct currents 
without the employment of any commutator 
Such as it has been heretofore regardod as 


то 


"necessary to usc. Tho current in, cither 


branch may be used in the same way and бо 
for the same purposes аз any other direct 
eurrent—that is, it may be made to chargo 
sccordary batteries, energize clectro-magnets, 
or for any other analogous purpose. 

Та the dra illustrated some of 85 
the various h I may carry out 
this invention. : 

The several figures are diagrammatic i 
character, and will bo described in dotail in 
their order. 

Figuro 1 represents a plan of directing tho 
alternating currents by means of devices 
purely electrical in character. Figs. 2, 3, 4, 
5, б, and 7 are diagrams illustrative of other 
ways of carryitig out the invention, which ‘gs 
willbe Jhereinafter. more , particularly. do- 
scribed... 

Tn Fig. 17 А designates a generator of alter- 
nating currents, and В В the main or line 
At any given point 0.109 
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this cireuit at or near which it is desired to 
obtain direct currents I divide the circuit В 
into two paths or branches C D. In each of 
these branches! place an clectrical generator, 
5 which for tho present we will assume pro- 
duces direct or continuous currents. Тһе 
direction’ of the current thus produced is op- 
posite in one branch to that of the current in 
^e other branch, or, considering the two 
to branches as forming a closed circuit, the gen- 


erators E F are connected up in series there- | 


іп, one generator in еңеһ part or half of the 
cirenit. The electro motive force of the car- 
rent sources E and F inay be equal to or 
15 higher or lower than the eleetro-motive forces 
in the branches C D or between the points X 
and Y of the circuit В В. If equal, it is evi 
dent that current-waves of one sign will be 
opposed in one branch and assisted in the 
20 other to such an extent that all the waves of 
one sign will pass over one branch and those 
of opposite sign over the other. If, оп the 
other hand, the electro-motive force of the 
sources E F be lower than that between X 
25 and Y, the currents in both branches will be 
alternating, but the waves of one sign 
proponderate. One of tho generators or 
Sources of current Е or F may be dispensed 
with; but it is preferable to employ both, if 
зо they offer an appreciable resistance, as the 
two branches will be thereby better balanced. 
‘The translating or other devices to be acted 
upon by the euFront are designated by the let- 
ters G, and they are inserted in the branches 
зз C D in any desired manner; but in order to 
better preserve an even balance between the 
branches due regard should be had to the 
number and character of the devices, as will 
be well understood. 

Figs. 2, 3, 4, and 5 illustrate what may be 
termed “electro-magnetic devices for accom- 
plishing в similar result—that is to say, in- 
stead of producing directly by a zeneratoran 
electromotive force in each branch of the 
45 cuit, I may establish а field or fields of force 

and lead the branches through the same in 
such manger that an active opposition of op- 
posite effect or direction will be developed 
therein by the passage or tendency to pass of 
бо the alternationsof current. In Fig. 2, for ex- 
ample, A is the generator of alternating cur- 
renis, B В the line-cireuit, and C D the 
branches over which tlie alternating currents. 
are directed. Та each branch I inclu 
55 Secondary of a transformer or induct 
which, since they correspond fune- 
tions fo the batteries of the previons figure, I 
have designated by the letters Е Е. The pri 
maries IT IV’ of the induction-coils or trans- 
60 formers are connected cither in parallel or 
series with a source of direct or continuous 
currents T, and the number of convolutions із 
so calculated for the strength of the current 
from I that the corés J J’ will be saturated. 
65 The vonnections are stich that the conditions 
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that а current wave or impulse corresponding 

direction with that of thedirect current in 
ове primary, as Н, is of opposite direction to 
that in the other primary H^; hence it results 
that while one secondary offers a resistance 
or opposition to the passage throngh it of 
wave of one sign the other secondary simi- 
larly opposes a wave of opposite Tn 
consequence the waves of ono sign will, to a. 
greater ог less extent, pass by way of one 
braneb, while those of opposite sign in like 
manner pass over the other branch. 

In liew of saturating the primaries by a 
source of continuous current, I may include 
the primaries in the branches C D, respect- 
ively, and periodically short-circuit by any 
suitable mechanical devices—such as an or- 


ries. ' Itwill be understood of course that tho’ 
rotation and action of the commutator must 
be in synchronism or in proper accord with 
the periods of the alternations in order to se- 
cure the desired results. Such a disposition 
1 have represented diagrammatically in Fig. 
3. Corresponding to the previous figures, A 
is tho generator of alternating currents, B R 
the line, and C D the two branches for thedi- 
rect currents. In branch Care included two 
primary coils E E’, and in branch D aro two 
similar primaries F F’. The corresponding 
secondaries for these coils and which are оп 
the samo subdivided cores J or J’ are in cir- 
cuits the terminals of which connect to op- 
posite segments К.К” and L L’, respectively, 
of a commutator. Brushes bb bear npon the 
commutator and alternately short-circuit the 
plates К and К’ and L and L’ through a con- 
nection с. It is obvious that either the mag- 
nets and commatator or the brushes may ro- 
volve. 
The operation will be understood from a 
consideration of the effects of closing or short- 
ircuiting the secondaries. For example, if 
at the instant when a given wave of current 
passes one set of secondaries be short-cir- 
cuited, nearly all the current flows through 
tho corresponding primaries; but the socond- 
aries of theother branch being open-circuited 
the self-induction.in the primaries is highest, 
and hence Че ог no current will pass through 
that braneb. If,as the current alternates, the 
secondaries of the two branches aro alter- 
nately short-circuited, the result will bo that 
the currents of one sign pass over ono branch 
and those of the opposite sign over the other. 
‘Thedisadvantages of this arrangement, which 
would seein to result. from the employment of 
sliding contacts, are in reality very slight, in- 
asmuch as the clectro-motive force of the 
secondaries may be made exceedingly low, so 
that sparking at the brushes is avoided 
Fig. 4 is a diagram, partly in section, of an- 
other plan of carrying out the invention. The 
circuit B in this case is divided, as before, and 
each branch ineludes the coils of both the 


in the two transformers are of opposite char- 
acter—that is to say, the arrangement 


field and revolving armatures of two induc- 
tion devices. "The armatures О P are prefer-, 
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«Му mounted on the same shaft, and are ad- 
fusved reintively to one another in such man- 
her that when theself-induction io опе bran 

is maximum in the other branch D it is 
minimum. The armatures are rotated in 
synchronisin with the alternations from the 
Source А. The ing or position of the 
Armature-coils is such that a current in a given 
direction. through both armatures 
would establish in one poles similar to those 
in the adjacent poles of the field and in the 
other poles unlike the adjacent field-poles, as 
indicated by n n s s in the drawings. If the 
like poles are presented, as shown in circuit 
D, the condition is that of a closed secondary 
троп в primary, or the position of least in- 
ductive resistance; hence a given alternation 
of current will ly through D. А 
half-revolntion of the armatures produces ап 
‘opposite effect, and the succeedin, 

pulse passes through С. Using this 
‘au illustration, it is ovidept that the fields N 
М may bo porinanent magnets or independ- 

Шу excited and the armatures O P driven, 
‘aa in the present case, зо as to produce alter- 
Bate currents, which will set up alternately 
impulses of opposite diroction in the two 
branches D C, which iu such case would in- 
clade the armature-ircuits and translating 
devices only. 

Jn Fig.5 a plan alternativo with that shown 
in Fig. 3 is illustrated. In the provious case 
illustrated each branch C and D contained 
опо or more primary coils, the secondaries of 
which wer. periodically short-circuited in 
syachronism with the alternations of current 
from tho main source A, aud for this purpose 
в commutator was employed. The latter 
may, however, be dispensed with and an ar- 
mature with a closed coil substituted. 

Referring to Fig. 5, in one of the branches, 
as С, are two coils M’, wound on laminated 
cores, and in the other branches D are similar 
coils N’. A subdivided or laminated arma- 
ture 0’, carrying a closed сой R’, is rotatably 
sopporied between the oolls М” К^ ав shown. 
In the position shown—that is, with the coil 
R’ parallel with the convolutions ot the pri- 
maries N^ M’—practically tbe whole current 
will pass through branch D, because the self- 
induction in coils М” M’ is maximum. If, 
therefore, the armature and coil be rotated 
at a proper specd relatively to the periods or 
altornations of the source A, the same results 
are obtaiued as in the case of Fig. 3. 

Fig. 6 is an instanceof what may be called, 
in distinction to the others, а " aagnetic' 
means of securing the results arrived at in 
this invention. -V und W are two strong 

rmanent magnets provided with armatures 

V^ W',respectively. Thearmatures are made 
of thin lamina of soft iron or steel, and the 
amount of magneti metal which they con- 
tain is 50 calculated that they will be fully or 
nearly saturated by the maguets. Around 
tbe armatures are co's E.F, contained, re- 
spectively, in tho circuits C and D. Tho 


connections and electrical conditions in this 
ilar to those in Fig. 2, except 
that the current sourcel of Fig.2is dispensed 
with and the saturation of the core of coils 
Е Е obtained from the permanent magnets. 
Та the illustrations heretofore given I bave 
in each instance shown the two branches or 
paths containing the translatiog or induction 
devices as in derivation one tothe other; but 
this is not always necessary. For example, 
io Fig. 7, A is an alternating-current genera- 
tor; B B, the line wires or cireuit. At any 
given point in the circuit I form two paths, 
эз D D’, and at another point two paths, аз 
CC’. Éither pair or group of paths is віт 
lar to the previous dispositions with the elec- 
trical source or induction device in one 
brauch only, while the two groups (акеп to- 
gether form the obvious equivalent of tho 
Cases in which an induction device or goner- 
ator is included in both branches. In ono 
of the paths, as D, are included the de- 
vices to bo operated by the current. In the 
other branch, as D’, is an induction dovier 
that opposes the current impulses of oue di- 
rection and directs them through the branch 
D. So, also, in branch C are translating de- 
vices G, and in branch С” an induction do: 
vico or its equivalent that diverts through С 
impulses of opposite direetion to those di- 
verted by the device in branch D’. I have 
also shown а special form of induction de 
vice for this purpose. J J’ are the cores, 
formed with pole-pieces, upon which are 
wound the coils М М. Between these polo- 
pieces are monnted at right angles to one an- 
other Ше magneticarmatures 0 P, proferably 
mounted on the same shaft and designed to 
be rotated in synchronism with the alterna- 
tions of curront. When one of the arma. 
tures is in line with the poles or in the posi- 
tion occupied by armature P, the magnetic 
circuit of the induction device is practically 
closed; hence there will be the greatest oppo- 
sition to the passage of a current through 
coils N N. Tho alternation will therefore 
pass by way of branch D. At the same time, 
the сше circuit of the other induction 
device being broken by the position of the 
armature О, there will be less opposition to 
the carrent in coils M, which will shunt the 
current from branch C. A reversal of the 
current being atteuded by a shifting of the 
armatures, the opposite effect is produced. 
There are many other modifications of tho 
moans or methods of carrying out my inven- 
tion; but Ihave uot deemed it necessary here- 
in to specifically refer to more than those de- 
scribed, as they involve the chief modifica- 
tions of the plan. In all of these it will be 
observed that there із developed іп one or all 
of the branches of a cireuit from a source of 
alternating currents an active (as distin- 
guished from a dead) resistance or opposi- 
tion to the currents of one sign, for the pur- 
pose of diverting the currents of that sign 
through the other or another path, but per- 
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mitting the currents of opposite sign to pass 
without substantial opposition. 

"Whether the division of the carrents or 
waves of current of opposite sign be effected 

5 with absolite precision or not is immaterial 
to my invention, since it will be sufficient if 
the waves aro only partially diverted or di- 
rected, for in such case the preponderating 
inflnence in each branch of the cireuit of the 

19 waves of one sign secures the same practical 
results іп many if not all respects as though 
the current were direct and continuous. 

An alternating and direct current have 
been combined so that the waves of one 

‹5 rection or sign were partially or wholly over- 
coma by the direct current; but by thi pun 
only one set of alternations are utilized, 
whereas by my system the entire current is 
rendered available. By obvious applications 

зо of this discovery I am enabled to produco а 
self-exciting alternating dynamo, or to oper- 
ate direct-current meters on alternating-cur- 
rent circuit, ог to run various devices—such 
as are lamps—by direct currents in thesaine 

25 circuit with incandescent lamps or other de- 
vices run by alternating currents. 

Tt will be observedthat if an intennittent. 
counter or opposing force be developed in tho 
brauches of thecircuit and of higher electro- 

o motive force than that of the generator an 
alternating current wilt result in each branch, 
with the waves of ono sign preponderating, 
whilo a constantly or uniforuly acting oppo: 
sition in the branches of higher electro-mo- 

35 tive (огоо than the generator would produce 
а pulsating current, which conditions would 


be under some elreumstances the équivalént 
to those I have previously described. 

What I claim аз шу invention is— 

1. The method herein set forth of obtain- 4o 
ing direct from alternating currents, which 
consists in developing or producing in one 
branch of a circuit from an alternating-éur- 
rent sou.ce an active resistance to the cur 
rent impulses of one direction, whereby the 
said currents or waves of current. will be di- 
verted or directed throu£l. another branch, 

2. The method of obtaining direct from al- 
ternating currents, which consists in di 
ing the path of an alternating current into 
branches, and developing in one of said 
branches, er permanently or periodically, 
ап electrical force or active resistance coun- 
ter to or opposing the currents or current- 
waves of one sign, and in the other brancha ss 
force counter to or opposing the currente or 
current-vaves of opposite sign, ns set forth. 

3. The method of obtaining direct from al- 
ternating currents, which consistsin dividing 
the path of an alternating current into бо 
branches, establishing fields of force and 
leading the said branches through the said 
fields of force in such relation to tho lines of 
force therein that the impulses of curront of 
опе direction will be op ied іп one branch 65 
and those of opposite direction in the other, 
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To alt whom it muy concern: 

Be it known that T, NIKOLA "'EsLa, a sub- 
ject of the Emperor at Austria, from Smiljan, 
Lika, horder country of Austria-Hungary, and 
aresidentof New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electrical Meters, of 
which the following is a specification, refor- 
‘ence being had to the drawings accompany- 
ing and forming part of the same. 

My invention pertains to methods of ana 
apparatus for estimating the electrical energy 
that has been expended in an electric cirenit. 
or any given portion of tho same. 

‘Tho principle of theinvention is embodied 
іп any form of apparatus in which a con- 
ductor immersed in an electrolytic solution is 
so arranged that metal may be deposited upon 
it or taken away from it in such manner that 
its electrical resistance is varied in a dofinite 
proportion to the strength of the current the 
energy’ of which is to be computed, whereby 
such Variation in resistance may serve as a 
measure of the energy or may be utilized in 
various well-understood waysto bring into ac- 
tion suitable automatic registering mechan- 
ism when the resistance exceeds or falls below 
predetermined limits, 

In carrying ont my invention I prefer to 
employ ait electrolytic cell, through which ex- 
tend two conductors parallel and im close 
proximity to елей other, Iconnectthese соп. 
ductors in series through a resistance, but in 
such manner that there isanequal difference 
of potential between them throughout their 
entire extent. The free ends or terminals of 
the conductors are connected either in series 
in the circuit supplying the current to the 
lamps or other devices or in parallel to a re- 
sistance in the said circuit and in series with 
the translating devices. Under such ciream- 
stances а current passing through the con- 
ductors establishes a difference of potential 
between them which is proportional to the 
strength of the current, in consequence of 
which Шеге is a leakage of current from one 
conductor, to the other across the solution. 
The strength of this leakage current ік pro- 
portional to the difference of potential, aud, 
therefore, in proportion tothe strength of the 
Current passing through the condnetors. 
Moreover, as there is à constant difference of 


potential between the two conduetorsthrough- 
Out tho entire extent that is exposed to the 
solution, the current density through such so- 
lution іх thosame atall corresponding points, 
and hence the deposit is uniform along the 
whole of one of the conductors, while the 
metal is taken away uniformly from the other. 
"The. resistance of one conductor is by this 
means diminished, while that of the other is 
increased both in proportion to the strength 
of the current passing through the conductors.. 
From such variation in the resistance of either 
or both of the conductors forming the positive 
and negative electrodexof tlie cell the entrent 
energy expended may be readily computed. 

Other modified arrangements of tha con- 
ductors are contemplated, as will ho under- 
stood from the following description and ref- 
erence to thé drawings. 

‘The figures aro diagrams showing th 
ter in operative relations to a working- 
and under slightly-modified arrangements, 

In Fig. 1, G designates n suitable direct- 
current generator. Т, 1, are the conductors 
of tho circuit extending therefrom and in- 
cluding and supplying lanips or other tran 
lating devices T. А is a tube, preferably of 
glass, the ends of which aro sealed, n$ by. 
means of insulating plags or caps ВВ. GC" 
are two eonduetors extending throngh the 
tubo A, their ends passing out through the 
plugs |) to terminals thereoi hese con- 
ductors may be corrugated or formed in other 
proper ways to offer the desired electrical re- 
sistance. R is А resistence connected in 
ries with the two conductors C C’, which by 
their freo terminals are connected up in the 
uit of оше of the eondnetors L. 90 
The method of using this device and com- 
puting by means thereof the energy of the 
current will be readily understood. Fi 
the resistances of the two conductors C С” 
respectively, are accurately measured an 
noted, Then a known current is passed 
throngh the instrument fora given time, and. 
by asecond measurement the increase and 
те ii of the resistanees of the twa con- 
duetors respectively taken. From these data. 
Ahe constant is oblained—that is to say, for 
example, the increase of resistance of one 
conductor or the diminution of the resistance 
of theotherperlamp-hour. These two meas- 
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urements evidently serve as a check, since 

the gain of one conductor should 

lossof theother. 

by measuring both wir 
5 sistance, in which case the resistance of the 
whole should remain constant. 

In Fig. 2 the conductors СС? are connected 
in parallel, tho current device at X pass- 
ing їп one brauch first through a resistance. 
R^ and then through conductor C, while іп 
the other branch it passes first through со 
ductor C’, and then through resistance 
"Phe resistances R’ R” are equal, ах also аго 
the-resistances of tho conductos C С”. Tt is, 
15 moreover, preferable that the respective ra- 
istances of the conductors C C" should be a 
known and convenient. fraction of the coils. 
ог resistances R’ R”. It will be observed 
that in the arrangement shown in Fig. 2 thoro 
ina constant potential differenze between tho 
two conductors С С’ thrcughont their entire 
length. 

Tt will be scen that in both eases illus- 
trated tho proportionality of the increase or 
decrease of resistance to the current strength 
will always be preserved, for what опе con- 
ductor gains the other loses, and the resist- 
ances of the conductors С С? being small as 
compared with the resistances in series with 
them. It will be understood that after cach 
inenstirement or registration of n given varin- 
tion of resistance in one or both conductors 
thedirection of the current should bechanged 
or the instrument reversed, so that the do- 
posit will bo taken from the conductor which 

as gained and айдо to that which has lost. 
‘This principle is capable of many modifica- 
tions. For instance, since there is a section 
of the cireuit—to wit, the conductor С or C'— 
that varies in reslstanco in proportion to the 
enrrent strength, such variation may be util- 
ized, as ів done in many analogous cases, to 
effect the operation of various automatic de- 
vices, such as registors. I prefer, however, 
45 for the sake of simplicity to compute the en- 

ergy by measnrements of resistance, 

‘The chief advantages of thisinvontion are, 

first, that it 
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struction. 

What I у 

1, The method of eon Amount of' 
electrical energy expeaded in a given time in 
сігіс circuit, which consistx in main- 65 
taining by the current a potential diference 
between two couductors in an electrolytic во- 
lution uniform throughout the wholo extent 
of such conductors exposed to the solution 
and measuring the variation of the resistance 70 
in one or both of said conductors due to the 
gain or loss of metal hy electro-deposition, 
Set forth. 

2. Tho combination, with an electric 
cuit, of a meter composed of an electrolytic 75 
ind two conductors passing through the 

the sai actors being іп or соп-; 
nected with the main circuit and so that a 
potential difference uniform throughout the 
whole extent exposed to the solution will be 8o 
maintained between them, ax set forth. 

3. Tho combination, with an electric eir. 
cuit containing translating devices, of a me- 
ter composed of an electrolytic eell and two 
conductors passing through the samo, anq 8; 
connected in series with the trauslating de- 
vices, and one or more resistances connected 
therewith for establishing a potential diffor- 
enco between tho two condinelors throngh the 
of the cell, as set fort 


vo 


ends for connection with a circuit, these parts 
being combined in the manner substantia 
as set forth. 

5. An electric meter consisting of a tubular 
cell containing an electrolytic solution and поо 
closed atthe onds,two parallel conductors ex-" 
fending through the cell, a resistance-connec: 
tion between the end of one conductor and 
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To ull whom it may concern 
Tie It known that I, NIKOLA TESLA, a citi 
zen of the United States, residing at New 

York, in the county and State of New York, 
$ have invented л certain new and useful Im- 

proveinent in Electrical Condensers, of which 

tbe following is a specification, referenco be- 
ing had to the accompanying drawings. 
abject of оу present application is a 
1o now "abd Improved electrical condenser con- 
strocted wit a view of obviating certain de- 
fects which I have observed to exist in the or- 
dinary forms of 
loyed іп the system devised by mo of pro- 
эз байш light aod other effects by means of 
currents of high frequency and high poten- 
ual. 

Thave found that insulating material such 
as glass, mica, and, іо general, ово bodies 
which possess the highest specific inductive 
capacity are inferior as insulators ia such 
devices when currents of tbe kind described 

ire employed to those possessing high insa- 
lating power, maller specific 
inductive capacity, and I базе also foond that. 
it is very desirabieto excludeall gaseous mat- 
ter from the apparatus, or aay access to the 
ваше to the electrified surfaces, іп order to 
prevent heating by molecular bombardment 

nd the lòsa or injury consequent thereon. I 
го found that I may accomplish these re- 
панава produce highly efficient aod reliable 
сойделвеге by using ой as the dielectric, aod 
in ghis my invention resides 

o special constraction of the condenser із 
necessary to a demonstration of the inven- 
ioo; but the plan admits of a particular con- 
uction of condenser, in which the distance 
between the plates [s adjustable, and of which 
T take advantage. 

Та the accompanying drawiags, Figure 1 is 
в section of в condenser constructed in se- 
cordance with my invention and having sta- 
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tionary plates, and Fig. 2 is a similar view of 
а condenser with adjustable plates. 

I use any suitable box or receptacle А to 
contain the plates or armatures. Thoso lat- 
ter are designated by B and C and are con- 
nected, respectively, to terminals D and E, 
which pass ont through the sides of the caso. 
The plates ordinarily are separated by strips 
of porous insulating matorial F, which aro 
used merely for the purpose of foaintaining 
them in position. ‘Thy space witbin the can 
is filled with oil G. Such a condenser will 
prove, biehly efciont aud will not become 

вле or permanently injared. 

To mang cases it is desirable to vary огай. 
jost the capacity of a condenser, and this 1 
provide for by securing the plates to adjust- 
able supports—as, for example, to rods П— 
passing tbrongh stuffing-boxes К in the sides 
of the case А and furnished with nuts L, the 
ends of the rods being threaded for engage- 
ment with the nuts. 

It is well kaown that oils possess insulating 
р ies, and it has been а сонипоп prac 
tice to interpose a body of oil between two 
conductors for purposes of Insulation; but T 
have discovered peculiar properties in oils 
which renderthem very vainable in this par- 
ticular forin of device, their employment iu 
which has never heretofore and, во far as I 
am aware, been regarded us necessary or even 
desirable. 

What I claim is— 

1. An electric condenser composed of plates 
or armatures immersed in oil. 

2. An electrical condenser composed of 
plates or armatures adjustable with respect So 
to one another and immersed in oil 
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То all whom it may concern: 
Ве it known that I, NIKOLA TESLA, a citizen 

of the United States, residing at New York, 
in the county aud Stateof New York, havein- 

5 vented certain new and useful Improvements 
in Line Conductors for Systems of Electrical 
Distribution, of which the following isaspoci- 
fication, reference being had to the drawings 
accompanying and forminga part of thesame. 

Tn any system of electrical transmission or 
distribution in which currents of excessively 
high potential are employed, and more par- 
ticularly, when the frequency is bigh, there is 
а dissipation of energy from the conductor or 
15 "ouductors of the line, due to the electrifica- 
tion of the atmosphere or other surrounding 
modium, or other causes. 

leretofore it has been usual, in order to 

ovent loss by dissipation or interference by 
juduction on line conductors, to insulate the 
same and incloso them in a continuous con- 
ducting sheathing or covor which has been 
connected “with tho ground by a good con- 
ducting path. 

‘The object of my invention is to prevent 
loss on line conductors in a systom of electri- 
cal transmission and distribution, more раг- 
ticularly such as that described by moin pat- 
ent of June 23, 1891, No. 454,622, bat in апу 
other system in which alternating or, gener- 
ally speaking, varying enrrontsof excessively 
high potential aro employed. 

Thave found that in these systems tho 
of a conducting sheath or screen around the 
line conductors and well grounded, or even 
brought into proximity to external’ condue- 
tors or largo bodies, is attended by an actual 
and generally a serious loss of energy. 1 
thoreforo maintain the sheath either entirely 
isolated or connected directly or inductively 
to the'ground, through a path which will prac- 
tically prevent tho passage af curronts over 
it. I havo also found that when а continu- 
ous insulated sheath or screen is employed, 
there is greater liability to loss of energy by 
inductive action, for unless tho sheath or 
screen be considerably shorter than the eur- 
rent waves passing in the conductor, electro- 
motive forces will bo sot up between different 
59 points in the sheath, which will resalt in the 
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botwoen such points of induced cur- 
Tents. 1, therefore, divide up the sheath or 
screen into short longths, very much shorter 
than the wave lengthsof the current used, ко 
that the grounding of any obe of such lengths 55 
or the approach thoretoof a largo body will re- 
soltin an inappreciable loss, orat most a small 
local drainingof theenergy,whilothetendency 
of currents to flow between different points 
in tho sheath is effectually overcome. The 
function of the sheath as a static scroen for 
preventing the dissipation of the electric en- 
ergy, bowever, requires for its completo ef- 
fectiveness an unintorruptod conducting par- 
tition or sereen around the conductor. Та 
ain this respect in the caso of a sectional 
у causing tho ends of tho insulated 
divisions or sections of the samo to ovorlap, 
intorposing a suitable insulating matorial bo- 
tween tbe overlapping portions. Dy means 
of a conductor or conductors thus protected, 
T may transmit with slight loss and to great 
distances currentsof very high potential aud 
extromely high frequency. 

‘The invention is illustrated in the accom- 
panying drawings in which— 

Figure 1 illustrates portions of the conduc- 
tor with the earth connections above de- 
scribed. Fig.? is a sectional view of n рог. 
tion of the conductor on an enlarged seals. 

A is the central wire or conductor that car- 
ries the current. 

В is an insulating coating 

Cisacondueting sheathing or screen, whic! 
may be externally insulated, if so desiro 
This sheathing is divided up, as shown, into 
short lengths or sections, aud tho ond of опе 
Section overlaps or telescopes with tho ond of 
the adjacent sections but is insulated there- 
from by the mato 

Tt is көй known that a statie sercon 
entirely effective as such, should 
ground connection, but it has boen usual i 
Such cases to provide a good electrical con- 
nection from the sereen to earth. Whon a 95 
current of excessively high potential, how- 
ever, is used, or when the froqnency of the 
current is very high, such a connection isim- 

racticable on account of the loss which foi- 
lows. In such casos, therefore, I obtain tho 100 
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beneficial resnitsof an earth conneetion while 
preventing the generally serious loss that 
would oceur in the use of such currents, by 
providing between the sheath and the ground 
a path Pof very high ohmic resistance or one 
containing a self-induetion coil S properly de- 
termined with respect to the-existing condi- 
ions so that it will effect the described re- 
sult, or а condenser of very small capacity as 
shown at R. In such cases the sheathing or 
screen for practical purposes may be regard- 
ей as isolated from the ground, since by the 
character of tho connection employed no ар- 
preciable loss results from the passage of cur- 
rent from the sheath to the ground. 

No particular plan of construction need be 
followed in making up this conductor, and no 
special matorials of tho several kinds named 
veed bo used; the general coustruction and 
character of the conductor, apart from the 
particular foatureshorein described, being en- 
Urely well uuderstood by those skilled in tho 
art. 


What I claim is— 

1. A conductor for electric circuits, com- 25 
posed of a wire for carrying the current, an 
insulated coatingorcovering and a surround- 
ing conducting sheath or screen divided into 
insulated sectione, as set forth. 

2. A couduetor for electric cirenits, com: 
posed of в wire for carrying the current, а 
coating or coveringof insulating material and 
а surrounding conducting sheath or sereen 
divided into insulated sections, the ends of 
which overlap, as sot forth. 

3. The combination of a wire or conductor 
for conveying electric currents, an insulated 
coating or covering therefor, a conducting 
sheath or screen surrounding tho insulating 
costingand a connection between said shoath- 
ing and the ground containing a condenser 
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NIKOLA TESLA. 
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To all whom it may concern: 

Beit known that I, NIKOLA TESLA, a citizen 
of tho United States, residing at Now York, 
in the county and State of New York, havo in- 
vented certain new and useful Improvements 
in Coils for Electro-Magnots aod other Appa- 
ratus, of which the following isaspecification, 
reference being had to the drawings accompa- 
nying and forming a part of the same. 

In electric apparatus or systems in which 
пегоа пр currents are employed tho self- 
induction of the coils or conductors may, and, 
in fact, ia many cases does operate disadvan- 
tageoualy by giving rise (о falso currents 
which often reduce what is known asthe com- 
mercial efficiency of the apparatus composing 
tho system or operate detrimentally iu other 
respects. Theeffects of self-induction, above 
rofarrod to, aro known to be neutralized by 
proportioning to a proper degroo the capacity 
of the circuit with relation to the self-induc- 
tion and frequency of the currents. ‘This has 
boen accomplished heretofore by the use of 
condensers constructed and applied as sepa- 
rato instruments. 

Му presont invontion has for its object to 
avoid the employment of condensets which 
аго өхреввіуе, cumbersome and difficult to 
maintain in perfect condition, and to so con- 
struct tho coils themselves as to accomplish 
tho samo ultimato object. 

I would here stato that by the term coils I 
desire to inclade generally helices, solenoids, 
or, in fact, any ccoduetor the different parts 
of which by the requiremonts of its applica 
tion or use aro brought into such relations 
with each other as to materially increase the 
selt-induction. 
avo found that in every сой there exists 
в certain relation between Из self-induction 
and capacity that permits a curreat of givou 
frequency and potential to pass through it 
with no other opposition thau tbat of obmie 
reeistance, or, in other words, as though it pos- 
sossed no sell-induction. ‘This is due to the 
оны] relations existing botween the special 
character of the current and the self-induc- 
tion and capacity of the coil, the latter qaan- 
tity being just capable of neutralizing the 
eelf-induction for that frequency. It is well- 
known that the higher the frequency ог Be 
tential difference of tho current tho emaller 


the capacity required to counteract the self- 
induction; hence, іп ару coil, however small. 
the capacity, it may be sufficient for the pur- 
pose stated if the proper conditions in other 
respects be secured. In theordiuary coils the 
difference of potential between adjacent turns. 
or spires is very small, so that while they are 
іп a sense condensers, they possess but very 
small capacity aud the relations betwoen the 
two quantities, self-induction 
are not such as vi 

tions satisfy tbe req 
plated, because the capacity relatively to the 
solt-induetion is very small. 

Та ondor to attain my object abd Jo properly 
increase the capacity of any given coil, I wind 
it in such way as to secure a greater differ- 
опсо of potential betwoon its adjacent turns 
ог convolutione, and siaco tho energy stored 
in the coil—conoidering the latter as В con- 
denser, is proportionate to the square of tho 
potential огород between its adjacent con- 
volutions, it is evident that I mayin this way 
securo by a proper disposition of these con- 
volutions a greatly increased.capacity’ for a 
given incroasoin potential difference botweon 
the turns. 

1 bave illustrated diagrammatically in tbe 
accompanying drawings tho gonoral nature 
of the plan which I adopt for carrying ont 
this invention. 

Ғісого 1 із а diagram of a coil wound in 
tho ordinary manner. Fig. 2is a diagram of 85 
а winding designed to sccure the objects of 
іру invention. 

‘Lat A, Fig. 1, designato any given сой tho 
spires or convolations of which aro тош 
проп aud insulated from each othor. Let it go 
bo вавошей that the terminals of this coil 
show a potential difference of ons hundred 
volts, and that thero are one thousand con- 
volutions; then considering any two contigu- 
‘ous points on adjacent convolutions let it 
assumed that thero will exist betweca them a 
potential difference of one-tenth of a volt. If 
how, аз shown in Fig. 2, а conductor В bo 
wound parallel with the conductor А and in- 
sulated from it, and the endof A boconnectod 
with the starting point of B, the aggregate 
length of the two conductors being such that 
the assumed number of convolations or turns. 
is the same, viz., one thousand, then the po- 
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tential differenco between any two adjacent 
points in A and B will bo fifty volts, and as 
the capacity effoct is proportionate to the 
square of this ditforenco, the energy stored 
5 in the сой ава whole will row be two bun- 
Aired and fifty thousand as groat; Follow- 
ing out this principle, I may wind аду givon 
сой either In whole ог io part, not'only in 
the specific manuor hereia illustrated, but 
тә in а great variety of ways, well-known in the 
art, 50 as to Secure botwern adjacent convo- 
lutions such potential difference a5 will give 
the proper capacity to neutralize tho solf-in- 
duction for any given current that may be 
1$ employed. Capacity secured in this particu- 
lar way cs аш additional advantage in 
that it is evenly distributed, в consideration 
of the greatest iinportancein many савез, and 
the results, both as to efficiency and economy, 
зо вго the more readily and easily obtained as 
the size of the coils, the potential difference, 

6: frequency of the currents are increased. 
1 Coils composo.of. independent strands or 
conductors wound sido by side вад connected 
25 in series aro uot, in themsolves new, aud I do 
not regard a того detailed description of the 
каше ла necessary. But horetofore, во far as 
Т вш aware, the objects in view have been oa- 
soatially different from mine, and the resulte 


which I obtain even if an incident to such зо 
forms of winding have not been appreciated 
or taken advantage 

In carrying out my invention it is to be ob- 
served that certain facts are woll under- 
stood by thoso skilled in the art, viz: the re- 35 
Istions of capacity, self-induction, and the 
frequency and potential difference of the cur- 
rent. What capacity, therefore, in any given 
caso it is desirable to obtain srd what special 
winding will secure it, are readily dotermin- 
able from the other factors which are known 

What I claim as my invention is— 

1. A сой for electric apparatus the adja- 
ent convolutions of which form parts of tho 
circuit betweon which there exists a potential 45 
difference suficient to secure іп the coil а ca- 
pacity capable of noztralizing its self-indue- 
tion, as hereinbefore described. 

2.’ А coil “composed of contiguous ог adja- 
cent insulated conductors electrically con- 
nected in series and laviug a potential dif- 
ference of such value as to givo to tho coil as 
а whole, a capacity sufficient to neutralize Из 
sell-iuduetion, as set forth. 

NIKOLA ESL, 
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so 


Witnesses: 
ROBT. F. GAYLORD, 
PARKER W. PAGE. 
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To all whom it may concern: 
Ве it known that I, NIKOLA TESLA, а citi- 
zen of the United States, residing at New 
York, in the county and State of New York, 
5 have invented сөгіліп new and useful Jm- 
provements in Apparatus for Producing 
Ozone, of which the following is a specifica- 
tion, reference being had to the drawings ac- 
companying and forming a part of the same. 
‘The invention subject of my present appli- 
cation has primarily as its object to provide 
а simple, cheap, and effective apparatus for 
the produetion of ozone or such gases as are 
obtained by the action of high-tension elce- 
trical discharges, although in the application 
to such purposes of the apparatus heretofore 
invented by me and designed for the produc- 
tion of electric currents of high frequency and 
tential I have made certain improvements 
n such apparatus itself which are novel and 
useful in other and more general applications 
ofthesame. I have heretofore shown and de- 
scribed, notably iu Patents No. 482,418, dated 
November 3, 181, and Хо. 454,692, dated 
June 23, 1891, ап apparatus devised for the 
purpose of converting and supplying clec- 
trical energy in а form suited for the produc- 
tion of certain novel electrical phenomena 
which require currents of higher frequency 
nd potential than can readily or oven possi- 
bly be developed by generators of the ordi- 
nary types or by such mechanical appliances 
кв were theretofore known. This apparatus 
involved means for utilizing the intermittent 
or oscillating discharge of the accumulated 
electrical energy of a condenser or a circuit. 
possessing capacity in what may be desig- 
nated tho “working” circuit or that which 
contains the translating devices or means for 
utilizing such currents. In my present im- 
provement I have utilized appliances of this 
general character under conditions and 
combination with certain instramentaliti 
hereinafter described, w 
duce, without difficulty and at very slight ех 
pense, ozone in any desired quantities. I 
would state the apparatus which I have de- 
vised for this purpose is capable of other and 
highly important uses of a similar uature, 
қо but for purposes of the present caso I deem 
it sufficient to describe its operation and ef- 
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fects when used for the purpose of generat- 
ing ozone. 

Та the accompanying drawings, illustrative 
of the principle of construction and mode of 
operation of my improvement, Figure 1 is п 
diagrammatic illustration of the invention; 
and Fig. 2, а view, partly in side elevation 
and partly in section, of the apparatus as I 
construct it for practical usc. 

The device hereinafter described is espe- 
cially designed for direct application to and 
use with existing circuits carrying direct cur- 
rents, stich as the ordinary municipal inean- 
descont-lighting circuits. 

Let A B designate the terminals from any 
given circuit of this character. In such ей 
Cuit I connect up an electromagnetic moto 
C in any of the usual ways. That is to say, 
the coils of the field and armature may bo in 
series or derivation or wholly independent, 
and either or both are connected up in the 
circuit. Tn the présent instance one term 
nal, as D, is connected to one of the bindin 
posts, from which the circuit is led through 
one ficld-coil, D, the brushes and commutator 
E, the other field-coil, Р, and thence to a 
brush G, which rests upon acireuit-controller 
И, cons in general of a conducting disk 
or cylinder with insulating-sections in its pe- 
Tiphery. "The other terminal, as A, connects 
with a second brush К, bearing on the con- 
troller, so that the current which passes 
through and operates the motor is period- 
ically interrupted. For this reasou the iron 
cores of the motor should be laminated. 
Around the controller is formed a circuit of 
low self-induction, which includes a con- 
denser Land the primary M of a transformer. 
Tho circuit including the motor is of rela- 
tively high self-induction, and this property 
is imparted to it by the coils of the motor, ог, 
when these are not sufficient, by the addition 
of suitable choking-coils, so that at each 
break of the motor-cireuit a current of high 
electromotive force will be developed for 
charging the condenser, which may therefore 
be small and inexpensive. The condenser 
discharges through the circuit which is com- 
pleted through the brushes G K and the со 
troller IT, and since the self-induction of this 
ciremt, as well as tho capacity of the con- 
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denser itseli, may be given practically апу 
desired value the frequency of the dischargo- 
current may be adjusted at will The poten- 
tial of the high-frequency discharge-current 
5 is raised by a secondary coil N in inductive 
relation to the primary M. The conductors 
of such secondary circuit are connected to 
two insulated condueting-plates P P, and 
when the apparatus is in operation a dis- 
10 charge in the form of streams will be m: 
tained between such plates, as indicated by 
the wavy lincsin tho figures. If air be forced 
between the plates P during this discharge, 
the effectivenessof the apparatusis increased. 
15 and ozone is generated in large quantities. 
In order to secure this result, I inclose the 
sald plates РР in в casing R of any proper 
description, through which a current of air 
is maintained у а fan S, mounted on the 
shaft of the motor. 

This apparatus may be constructed and 
combined in very compact form and small 
compass. Its operation involves but а small 
expenditure of energy, while it requires prac- 
25 tically no care or attention for the continued 

production of ozone in unlimited amount. 
What I claim as my invention is— 
1. The combination with a circuit of direct 
eurrents,of acontrollerfor makingand break- 
ing the same, a motor included in or connectod 
with said circuit во as to increase its self-in- 
duction, and driving the said controller, а 
condenser in a circuit around the controller, 
and a transformer through the primary of | 
35 Which the condenser discharges, из sot forth. 
2. The combination with a circuit of direct | 
currents,of n controller for making and bre: 
ing the same, a. series-wound motor having 
its coils ineluded in said circuit and drivin; 
«o the-said controller, а condenser connect 

with the circuit around the point of interrup- 
tion therein, and a transformer, the primary 
of which is'in the discharge-cireuit of the 
condenser, as set forth. 

3. A device for producing ozone comprising 
in combination, surfaces between which an 
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electrical discharge takes place, a transformer 
for producing the potential necessary forsuch 
discharge, a condenser in the primary circuit. 
of the transformer, a charging-circuit, means. 
for charging the condenser by such circuit 
and discharging it through the primary оГ 
the transformer, and a device for maintain- 
ing a current of air between the dischargo- 
surfaces, as set forth. 

4. Adevice for producing ozone comprisi 
in combination, surfaces between whic! 
electrical discharge takes place, a transformer 
for producing the potential necessary forsueli 
discharge, а condenser in the primary circuit бо 
of the transformer, a charging-circuit, means 
for charging the condenser by such circuit 
and discharging it through the primary of 
the transformer, a motor operated by tho 
charging-cireuit, and a device operated there- 
by for maintaining a current of air between 
the discharge-surfaces, as set forth. 

5. Adevieo for producing ozone comprising 
in combination, surfaces between which an 
electrical dischargetakes place, atransforier 7o 
for producing the potential necessary for such 
discharge, a condenser in the primary circuit. 
of the transformer, a charging-cireult, a cir- 
cuit-controller effecting the charging and dis- 
charging of the condenser, and a fan-motor 75 
connected with the eharging-cireuit and op- 
crating the eireuit-controller and adapted to 
maintain a current of air between the dis- 
chargo-surfaces, as set forth. 

6. А device for producing ozonecomprising 
in combination, means for charging а con- 
denser, a circuit of lowself-induction and те. 
sistance inti 'h the condenser discharges, 
а сой for raising the potential of such dis- 
charge, and means for passing п current of 8 
air throngh the high-potential discharge, as 
set forth. 
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To all whom it may concern: 

Be it known that I, NIKOLA TesLa, а citi- 
ев of tho United States, residing at New York, 
ip the county and State of New York, ba: 
invented certain new вой useful Improre- 
meats in the Manufacture of Electrical Con- 
donsers, Coils, and Similar Devices, of which 


other devices of a similar charactor in which 
conductors designed to form paths for cor- 
rents of high potential are brought into close 


proximity with ench otber. Among such de 
vices are included many forms of condensers, 
transformers, self induction coils, rheostats, 
and the like. 

It has heretofore been showo by me that the 
efficiency and practicability of such devices 
^re very greatly enbanced bs the exclusion 
of air ог gas from tho dielectric separating 
the conductors or remoto portions of the same 
conductor; and the objectof my present iin- 

ovement із to secure such exclusion of air 

In as perfect а manner as possible in a con- 
venient and practicable way., To this end 1 
place the condenser or other device to be 
treated in a receptacle from which the air 
may be moro or less perfectly exbansted, nud 
while іп yacuum I introduce an insulating 
substancé, which liquefies when subjected to 
heat, such as parafilo, which surrounds the 
said devico aud finds its way into its inter- 

сез. 

When tho devico has become thoroughly 
saturated with the insulating material, it is 
Allowed to cool off usually until the ти 
begins to solidify. Air is then admitted un- 
dor pressuro to the receptacle containing the 
devico and the pressure maintained unti 
whole mass of insulating material has soli 
fied. Ву this treatment the presouce of air 
оғ vacuous spaces in the dielectric, which are 
otherwiso liable to form by the contraction 
of tho insulating material when cooling, is 
provented. 

- Any plan may be followed orepparatus used 
for securing the two conditions necessary 10 
the attainmont of tho destred reult, that is 
to say, applying the ficid insulating material 
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in vacuam and subsequently eribjoctiog it to 
or solidifying it under pressure. legree 
of exhaustion or of pressure may vary, very 
good results being secured by a vacuum of 
about twenty-nine inches end a pressure of 
wboutone hundred pounds. Itmay bestated, 
however, that when hydraulic pressure is aj 
plied very mach higher pressures are readily 
secured and are of advantage. 

Tn order to facilitate the carrying out of the 
process, I have devised a simple and useful 
Apparatus, which is illustrated partly in вес- 
tion in the accompanying drawing. As tho 
parts of said apparatus are all of woll-kaown 
constraction, the apparatus as а whole will 
be fally understood witbont a full deserip- 
tion of its details, 

A is a tank or receptacle that may be closed 
air-tight. Within this tank is а steam-coil 
С, surrounding a vessel В, preferably with 
slightly-sloping sides and provided with a 
tube or pipe D, opening into it near Ив base. 

The condenser or other dov'ce to bo treated. 
s placed in the vessel B, and around the г 
ceptaclo is packed a suitable insulating m 
terial in quantity sufficient when liquefied by 
heat to flow through the pipo D into the ves- 
sel D and fill the space іп the latter up to the 
top of the condenser or other device placed 
therei 

It is desirable to run into the pipe D enough 
melted material to fill it before using the ap- 
paratus and to make the pipe of a роот heat- 
conducting material, so that a little time will 
elapse after the heat is applied to melt the 
material in the tank A before the flow through 
the pipo begins 

hen the apparatus has been thus pre- 

гей, the air from the interior of the tank A 
is withdrawn as cómpletely as practicable by 
auair-pnmpE andstenmispassec through the 
coil C. 
the volatile constituents of the insnlating ma- 
terial to the pump, a condenser F, with a cool- 
ing-coil С, is interposed in the piping between 
the tank and pump. After partial vacuum. 
has been eccured in the tank A and the lique- 
fied insulating material bas been run into the 
vessel B the pump may be stopped and tho 
tank connected with a receiver H. from which 
the air bas been exhausted, and the appara- 
tus allowed to stand пой all the interstices 
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of the condenser have been permeated with 
the insulating material. The steam is then 
shut off and cold water passed through the 
coil С. "Тһе connections with the pump are 
then reversed and air is forced into the tank 
and receiver H and the further cooling and 
solidification of the insulating material car- 
ried on under a pressure considerably greater 
than that of the atmosphere. After the in- 
sulating material has cooled and solidified 
the condenser or other device, with Ше adher- 
ing mass of insulating material, is removed 
from the receptacle and the superfluous in- 
sulating material taken off. 

Thavefoünd that condensers, transformers, 

nd similar apparatus treated by this proc- 

за aro of vory superior quality and espe- 
cially suited for circuits which convey cur- 
rents of high frequency and potential. 

Iam aware that conductors covered with а 
wore or less porous material have been treated. 
Әу placing them in а closed receptacle, ex- 
hausting tho air (гош the receptacle, then in- 
troducing a fluid insulating compound and 
subjecting tho same to pressure, for tho pur- 
pose of wore perfectly incorporating the in- 
sulating compound with the surrounding 
coating or covering of tho conductors an 
causing auch compound to enter tho into: 
stices fo ‘said covering, and Тарау this pr 
ciple of exhausting tho air and introducing 
the fluid insulating compound under prea- 
вого ід carrying out my improvement. Му 


process, however, differs from the foregoing 
mainly in this, that I seek not only to fil the 35 
pores of any porous material that may be in- 
terposed between the conductors of such а 
device as a condenser or coil, bot to fill up 
all thespaces in tho dielectric, whereby air or 
vacuous the presence of which in the до 
dielectric is so deleterious to the device, may 
be effectually prevented. To this end i per- 
mit the insulating compound after its incor- 
poration with the.device, under exhaustion 
snd pressure, to cool and solidify, sothat not 45 
only is the air replaced by a solid insulating 
compound, but the formation of vacuous 
spaces by the contraction of the mass on cool- 
ing prevented. 
‘hat I claim is— 

The improvement in the manufacture of 
electrical devices such as condensers, which 
consists in iuclosing the dovigein an air-tight 
receptacle, exhausting tho air from tbe re- 
ceptacle, introducing Into a vessel containing 25 
the device an insulating material rendered 
fluid by heat, and then when said material 
bas permeated the interstices of the said do- 
vice, subjecting the whole to prossure, and 
maintaining such pressure until the matorial 6 
has cooled and solidified, аз set forth. 
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To all whom it may concern: 

Beit known that I, NIKOLA TesLa, a citizen 
of the United States, residing at Now York, 
in the county and State of New York, have in- 
vented certain new and useful Improvements 
їо Electrical Igniters for Gas- Engines and 
Analogous Purposes, of which the following 
ig a apecitiestion, reference being bad to the 
drawing nccompanyiog aud formioga part of 
the same. 

То certain kinds of apparatas it is neces- 
sary for the operation of the machine itself 
or for effecting the object for which it is used 
to produce лп electrio spark or any other simi- 
lar local effect at a given instant of time or 
at predetermined intervals. For example, io 
certain дав. ог explosive engines a flame or 
spark is necessary for the ignition of an ex 
plosive mixture of air and gas under the pis- 
ton, and tho’ most effective way of igaiting 
the gaseous mixture has been (ооой to be the 
production in the cylinder at the proper mo- 
ments of an electric spark. Tbe only prac- 
ticablo device by which this bas been accom- 
plished heretofore is an induction-coil com- 
prising в primary and secondary circuit with 
% buzzer or rapidis-actiog automatic circuit» 
breaker in the primary and a circait-coptrol 
lor, such as a switch or commatator, located 
also in tho primary or battery cireuit aod op- 
erated by some moving portion of the appa- 
ratus to temporarily close sucb сігеші tbe 
propor time, and thereby set in operation tbe 
Automatic circuit-breaker, which causes be- 
(ween secondary terminals in the cylinder the 
discharge which is necessary for the proper 
ignition of the explosive mixture Instead 
of thus temporarily closing the primary сіг- 
cuit the automatic circuit-breaker might bo 
permitted to operate continuously, and the 
secondary, circuit normally broken, wight be 
closed at tho propor time to cause tbe sperk 
to pass at any point. [n either case the em- 
ployment of a quick acting cireait-breaker is 
Becessary, for naless the induction-coil be of 
largo size and the source of earrent of con- 
siderable power a slow or gradual wake and 
break of the primary of a simple transformer, 
such ая would ordinarily be effected by б 
‘witch or commutator, would not effect a dis- 
ebargo of tho character necessary ror the 
proper Ignition of tho ges 

lore (8. һоттотот, по form of vibrating or 


quick-aetiog cireutt-breaker of which I аш 
aware that caa be depended ороп to operate 55 
with certainty to produce soch а spark or 
which will continus to operate for any length 

of time without deterioration, and hence not 
only in the case of engines of the kind de- 
scribed, but in otber forms of spparatus which бо 
involve tbe use of a bigh-tenslon induction- 
сой with a qoick-actiog cireuit-breaker, tho 
operation of the machine is contingent upon 
the proper operation of a comparatively In- 
significant but essential part. 

"The object of my invention is to provide в 
more certain and satisfactory menus for use 
with and control by euch machines or aypa- 
ratus аз I bave mentioned for producing 

rks or discharges of tho desired character, 
and to this end 1 employ tho following ar: 
rangement. Any suitable moving portion of 
paratus is caused to mechanically con- 
trol the charging of a condenser and its dis- 
cbarge through a circuit in inductive relation 
to a secondary cirenit leading to the termi- 
nals between which the discharge is to occur, 
во that af the desired intervals the conden 
may bo discharged through its circuit and in- 
duce in the otber circuit a current of high po- 
tential which produces tbe desired spark or 
discharge. 

One practical means of accomplisbing this 
is to employ any proper form of switch or 
commutator operated directly or through 
suitable intermediate devices by а moving 
part of tbe apparatus and which is caused 
lo complete ао electric circuit which has been 
provioosly broken or interrupted for an Ap- 
preciable time when the occurrence of tho 
spark or discharge is necessary. Thecireult 
thus closed includes а condenser, which by 
this operation of the switch is permitted to 
discharge, through the primary of a trans- 
former, energy which it had previously ге 
uring the interruption of said circuit 
from a battery or discharge of a self-indue- 
tion coil in series witb the battery in the 
charging cireuit. 

The ends of the seconcary circuit of the 
transformer above mentioned are connected 
with tbe points or terminals in the machine 
between which the spark is to pass, and fol- 
lowing the short-circuiting of the condenser 
‘by the closing of the switch a strong second- 
ary dischargo induced bv the discharge of the 
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condenser through the primary will ocear. 

It is possiblo by this means not only to pro- 

duce a strong discharge of high tension, as 

in the form of a spark well adapted for the 
ignition of gas or other purposes for which 

sparks are employed, but to secure such re- 
sult by apparatus very much less complicated 
And expensive than that heretofore employed 
for the purpose and which will be capable 
of certain and effective operation for an in- 
definite period of tino. 

I have illustrated the principle of my im- 
ovement and the manner in which the same 
is or may bo carried out in the drawing hereto 
annexed. The invention is shown as used 
for effecting the operation of the piston of & 
gas-engine, the figure being a гат. 

А designates the cylinder of a gas-engine, 
D the piston, and С the piston-rod. Other 
parts of the engine are omitted from the illus- 
tration as unnecessary to an uoderstanding 
of the invention. 

On the piston-rod C is a commutator or cir- 
euit-eontroller upon bearthe terminals 
a b of àn electric cire 


1” 


15 


зе 
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rupted, but when on the former it is closed. 


The to-and-fro movement of the piston, there- 
fore, operates to alternately make aud break 
tho circuit, the position of the commutator 
being such that the make occurs at the mo- 
ment desired for tho ignition of the explosiv 
charge under the piston. 

1а the circuit D is a battery or other source 
of current E and the primary F of в trans- 
former.. Across the two conductors of the 
circuit, between tho battery and the primary 
F, {в a condenser G, which is charged by the 
battery when circuit D is interrupted at the 
cominntator and whieh discharges through 
the priniary when such circuit is closed. 

In order that the condenser may reoeive я 
charge of high tension, a self-induction coil 
H is introduced in the circuit between itselt 
and tho battery, which coil stores up the en- 
ergy of the battery when the circuit D is 
closed лї tho commutator and discharges it 
into the condonser when the cireuit is broken. 

‘The primary F is combined with a second- 
ary К, tho conductors from which lend, ro- 
spectively, to an insulated terminal L, within 
the cylinder A and to any other conducting- 
body in the vicinity of such point as to the 
cylinder itself. Та eonsequence of this ar- 
rangement, when the piston reaches ihe 
proper point the cireuit D is closed, tho en- 
ergy of thé condenser is discharged throug! 
the primary with a sudden rush, and a strong 
and effoctivo spark or flash is produced bo- 
tween tho point Land the.eylinder or piston 
which ignites tho charge of explosive gas. 

1t will be understood from tho preceding 
65 description that I do not limit myself to the 

apocific co.istruction or arrangement of the 

‘ees employed in carrying out my im- 
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provement and that these may be varied 
within wide limits. 
What I claim is— 


то 


in the appara его tho discharge 
quired, the switch or commutator being op- 
erated by the said moving part to effect the 
discharge of the condenser at the proper in- 
tervals, as sot forth 

2. In an apparatus which depends for its 
operation or effect проп the production of a 
sudden electric dischargo at a given instant, 
or at prodetermined intervals of time, tho 
combination with a moving part of snid ap- 
paratus of a circuit and a circuit-controller 
adaptod to close said circuit at the time when 
the occurrence of said dischargo is desired, a. 
sourceof current in said circuit, a condenser 
adapted to be charged Uy said source while 
the cireuit is interrupted, and a transformer 
through the primary of which the condenser 
discharges «Боп the cirenit is closed, the sec- 
ondary of the transformer being connected 
with Ше terminals at the point in the Appa- 
ratus where the discharge is required, as set 


85 
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95 


forth. 


3. In an apparatus which depends for its 

ration or effect upon the production of ао 
electric discharge, nt a given instant, or at 
Predetermined intervals of time, the combi- 
nation with a moving part of said apparatus 
of a circuit and a circnit-controller adapted to 
close said circuit at the time when the occur. 
rence of the spark is desired, л source of 
current in said circuit, a self-induc ion coil 
which stores the energy of the sourco while 
the circuit is closed, a condenser into which 
said сой discharges when the cireuitis broken, 
and transformer through the primary of 
which the condenser discharges, the second- 
ary of said transformer being connected with 
separated terminals at the point where the 
dischargo is required. 

а gas or explosive en 
described, the combination with a moving 
part of said engineof a cireuit-closer or switch 
controlling the charging and discharging of 
a condenser, separated terminals in the cylin- 
der or explosive-chamber, and n transformer 
through the primary of which the cond 
discharges, the secondary being connected 
with the terminals in the eylinder,asset forth. 
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To all whom it may concern: 

‘Be it known that I, Nuxora Testa, a citi- 
zen of the United States, residing at New 
York, borough of Manhattan, county and 
State of New York, have invented certain 
new and useful Improvements in Fountains, 
of which the following is a full, clear, and 
exact description. 

It has been customary heretofore in foun- 
tains and aquarian displays, to project 
spouts, jets, or sprays of water from suitable 
fixtures! chiefly for decorative and beaut 
ing purposes. Invariably, the quantity of 
the issuing fluid was small and the pleasing 
impression on the eye was solely the result 
of the more or less artistic arrangement of 
the streamlets and ornaments employed. 
‘The present invention i$ a departure from 
such practice in that it relies principally 
on the fascinating spectacle of a large mass 


of fluid in motion and the display of seem- 
ingly great power, Incidentally, it permits 
the realization of beautiful and striking 


views through illumination and the dispo- 
sition of voluminous cascades which, more- 
over, may be applied to useful purposes in 
not practicable with the old and fa- 
г devices. These objects are accom- 
plished by the displacement of a great vol- 
ume of fluid with a relatively small expendi- 
ture of energy in the production and mainte- 
nance of a veritable waterfall as distin- 
guished from a mere spout, jet or spray. 
‘The underlying idea of the invention can 
be carried out by apparatus of widely varied 
design, but in the present instance the sim: 
plest forins, of which I am aware, are shown 
as embodiments of the principle involved. | 
Tn the accompanying drawing, Figure 1 is 
a top plan and Fig. 2 a vertical central sec- 
tional view of an appliance which I have 
devised for the pur ig. 3 and Fig. 4 
illustrate corresponding views of a similar 
device of much simpler construction. 
Referring to the first, 1 represents а re- 
ceptacle of any suitable material, as metal, 
glass, porcelain, marble, cement or other 
compound, with a central hub 2 and a coni- 
cal conduit 3, flared ot at the top and pro- 
vided with openings 4 at the bottom. In 
the hub 2 is inseriaf а shaft 5 rotatably sup- 
ported on ball bearingy 6 and carrying at 
its lower end a friction pulley or gear wheel 
7. To the upper end of the shaft is fastened 
a casting 8, preferably of some non-torrosive 
alloy, with blades 9 constituting а screwy 


which is shown in this instance ag the best 
Known propelling device; but it will be un- 
derdood (Eat other жама г<! эс 
A motor 10 is suitably mounted so as to 
itansmit through wheel 11, by friction or 
otherwise, power to the pulley or wheel 7. 
Openings 4 may be covered with removable 
strainers and receptacles 1 may be provided 
with convenient connections, respectively, 
for cleaning and renewing the liquid. Tt 38 
thought unnecessary to. show these attach: 
ments in the drawing. 

The operation will be readily understood. 
Receptacle 1 being fled te the proper level 
with water or other fluid, and. the power 
turned on, the propeller blades 9 are set in 
rotation and the fluid, drawn through the 
openings 4, is lifted to the horizontal flared 
out top of conduit 3 until it overflows in the 75 
form of a circular cascade. 
~ In order to prevent the wetting of the 
bearings of shaft 5, tlie central hub 2 of re- 
eeptacle 1 is mado to project above conduit 
SI The latter is funnel shaped for reasons 80 
of economy, and also for the purpose of re- 
ducing the speed and securing a smooth and 
even overflow, Ав the lift is inconsiderable, 
little power is needed to keep in motion a 
great volume of water and the impression 
produced on the observer is very striking. 
With the view of still further economizing 
energy, the bottom of receptacle 1 may be 
shaped as indicated by the dotted lines 12, 

2 so as to increase the velocity at the 
е of the propeller. 

To convey an idea of the results obtain- 
able with а small apparatus, properly de 
signed, it may be stated that by applyin 
only 1/25 of a horse-power to the shaft an 
assuming a lift of eighteen inches, more 
than one hundred gallons per minute may 
be propelled, the depth of the fluid passing 
over the flared top of conduit 3, one foot in 
diameter. being nearly one-half inch. As 100 
the circulation is extremely rapid the total 
quantity of liquid required is comparatively 
small. "About one tenth of that delivered 
minute will be, generally. sufficient. Such a 
cascade presents a singularly attractive ар. 
pearance and this feature may be still fur- 
ther enlianced by artistic grouping of plants 
or other objects around it, in which case 
the whole contrivance may be hidden from 
view. Particularly beautiful displays, how- 
ever, are obtainable by illumination which 
may be carried out Ш many ways. To 
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heighten the effect, з colored, opalescent or 
phosphorescent fuid may be employed. 
Sterilizing, aromatic or radio-active | 
may also be used, when so desired. The 
usual fountains are objectionable in many 
laces on account of the facility they afford 
for the breeding of insects. The apparatus 
described not only makes this impossible 
but is a very efficient trap. Unlike the old 
devices in which only a very small volume 
of water is set in motion, such a waterfall is 
is highly effective in cooling the surround- 
ing atmosphere. To still improve this ac- 
tion the free end 13 of the rotating shaft 
may be utilized to carry any kind of fan. 
The water may, of course, be artificially 
cooled 

The device described may be modified in 
many ways and also considerably simplified. 
For example, the propeller may be fixed di- 
rectly to the shaft of the motor and the 
latter supported conveniently from above 
when many of the parts illustrated in Fig. 1 
and Fig. 9 may be dispensed with. In fact, 
receptacle 1 itself may be replaced by an 
independent tank or basin so that the entire 
apparatus will only consist of о funnel 
shaped conduit, motor and propeller аз a 
unit. Such a construetion is shown in Fig. 
3 and Fig. 4 in which 3 is а conical vessel 
provided with’ intake openings 4 and rest- 
ing on а substantial base А motor 14, car- 
tying on a strong shaft э а propeller 9, is 

xed to supports 15 which extend from the 
inner side of conduit 3 and may be integral 
with the same. Obviously, to insure per- 
fect working the weight of the moving parts 
and axial reaction of the propeller should 
be taken up or balanced as by a thrust beat 
ing 16, or other means, 5 

ratus of this description is especial 
intended for use in open basins or reservoirs 
in which it may be placed and put in action 
at short notice. When it is desired to pro- 
duce large and permanent waterfalls tho 
conduit 8 may be formed by masonry of 
appropriate architectural design. 

The invention has an unlimited field of 
use in private dwellings, hotels, theaters. 
concert halls, hospitals, aquaria and, par- 
ticularly, in squares, gardens and parks in 

ich it may be carried out on a large scale 
so as to afford а magnificent spectacle far 
more captivating and stimulating to the 
public than the insignificant displays now 
in use. 

Tam well aware that artificial water falls 
have heretofore been exhibited and that foun- 
tains in which the same water is circulated 
are old and well known. But in all such 
cases independent pumps of small volumet- 
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ric capacity were used to raise the water to 
an appreciable height which mvolved the 
expenditure of considerable energy, while 
the spectacle offered to the eye was uninter- 
esting. In no instance, to my knowledge, 
has a great mass of fluid been propelled by 
the use of only such power as is required to 
lift it from its normal level through а 
relatively short space to that from which 
it overflows and descends as a cascade, nor 
have devices especially adapted for the pur- 
pose been employed. 

What I claim is: 

1. An artificial fountain consisting of'an 
unobstructed conduit having an elevated 
ауегйот and adapted to be set in a body of 
water, and a propelling device for main- 
taining a rapid circulation of the water 
through the conduit. 

9. An artificial’ fountain comprising in 
combination an unobstructed conduit having 
ап elevated overflow and adapted t 
in а body of fluid, a propeller wi 
conduit for maintaining a rapid circulation 
of the fluid through the same, and а motor 
for driving the propeller. . 

3. The artificial fountain herein de- 
scribed, comprising in combination a re- 
ceptacle, a central hollow conduit with an 
elevated overflow placed therein, a propeller 
within the conduit, and a motor for driving 
the propeller, во ns to maintain a rapid cir- 
culation of fluid through the conduit. 

4. The artificia) fountain herein do- 
scribed, comprising in combination, а re- 
ceptacle, a conduit with elevated overflow 
set therein, а central hub extending 
Shrongh thé conduit, а rotary 9 ft extend- 
ing therethrongh, and а propeller carried 
by the shaft for maintaining a rapid cireu- 
lation of fluid through the conduit. 

5. An artificial fountain comprising in 
combination with an unobstructed passa 
from the normal to the elevated fluid levels, 
of а propeller for maintaining а repid cir- 
‘culation of the fluid through such passage 
and producing thereby a cascade with the 
expenditure of little energy. 

6. An artificial fountain comprising a 
funnel shaped condnit adapted to be set in 
а body of fluid. and having openings near 
the lower end. snd u prepeller supported 
їл the conduit and adapted when in 
operation to maintain a rapid circulation 
^f water through the same. 

In testimony whercof I айх my signature 
in the presence of two subseribingz witnesses. 

NIKOLA TESLA. 

Witnesses 


М. Lawsox Dyar, 
Wx. Borznez. 


Coples of this patent may be obtained for Sve cents each. by addressing the "Commissioner of Patents, 
Washington. P 0” 
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To all whom it may concern: a 
Tie it known that I, Nrxota Тема, а citi- 

zen of the United States, residing ut New 
York, in the county and State of New York, 

5 have invented certain new and useful Im- 
provements in Valvular Conduits, of which 
the following is п full, clear, und exact de- 

scription. З я 

Та most of the machinery universally em- 
10 ployed: for the development, trunsmission 

And transformation of mechanical energy, 

fluid impulses nre made to pass, more or 

less freely, through suitable channels or con- 
duits in one direction while their return is 
15 effectively checked or entirely prevented 

This funetion is generally performed by de- 
vices designated as valves, comprising care- 
fully fitted members the precise relative 
movements of which are essential to the effi 
cient and reliable operation of the appa- 
ratus, The necessity of, and absolute de- 
pendence on these, limits the machine in 
шапу respocts, detracting from its prectical 
value und adding greatly to its cost of man- 
ufacture and maintenance. As a rule the 
valve is a delicate contrivance, very liable 
to wear and get out of order and thereby 
imperil, ponderous, complex and costly 
mechanism and, moreover, it fails to meet 
the requirements when the impulses: aro ex- 
tremely sudden or rapid in sccession and 
the fluid is highly heated or corrosive. 

‘Though these and other correlatéd facts 
were known to the very earliest pioncors in 
the scienco and ай of mechanics no remedy 
has as yet bein found or proposed to date 

ко far as I am aware, and I believe that 1 

fam the first to discover or invent any means, 

which permit tho performance of the above 
40 function without, the use of moving parts, 
and which it is the object of this application 
to describe. 

Briefly expressed, the advance I have 
achieved consists in the employment of a 
peculinr channel or conduit charectized by 
valvular action. 

The invention can be embodied in many 
constructions greatly varied in detail, but 
for the explanation of the underlying prin- 
80 ciple it may be broadly stated that tho in- 

terior of the conduit is provided with en- 

largements, recesses, projections, Байга or 
buckets which, while offering virtually no 
resistance to the mesage of the fluid in one 
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direction, other than surface friction, con- 
stitute an almost impassable barrier to its 
flow in the opposite sense by reason of the 
more or lew sidden expansions, contractions, 
deflections, revernuls of direction, stops and. 
starts and attendant’ rapidly ‘succeeding 60 
transformations of the pressure und vélocity 


energies. 

For the full and complete disclosure of 
the device und of its mode of action refer- 
ence ix made to the accompanying drawings 66 
in which— 

Figure 1 is а horizontal projection of such 
а valvular conduit with the top plate re- 
moved. 

Fig. 2 is side view of the same in eleva- 
tion. 

Fig. 2 is а diagram illustrative of the ap- 
plication of the device to n fluid propelling 
machino such as, а reciprocating pump or 
compressor, and 

Fig. 4 is a plan showing the manner in 
which the invention is, ог may be used, to 
operate a fluid propelled rotary engine or 
turbine, 

Referring to Fig. 1, 1 is n casi 
or other suitable material which muy be 
cast, milled or pi from sheet in the 
desired form. From its side-walls extend al- 
ternatively projections terminating in buck- 
ets 2 which, to facilitate manufacture arc 
congruent and spaced at equal distances, but 
need not be, In addition to these there ure 
independent partitions 3 which are deemed 
of advantage and the purpose of which wil! 
be made clear. Nipples 4 and 5, one ateach 
end, ars provided for pipe connection. TI 
bottom is solid and the upper or open side 
is closed by a fitting plato 6 ns shown in 
Fig. 2. When desired any number of such 
pieces may be joined in series, thus making 
up a valvular conduit of such length as the 
circumstances may require 

elucidation of the mode of operation 
let it be ssumed thet the medium under 
pressure bo admitted at 5. Evidently, ite 
epproximate path will be es indicated by 
the dotted line 7, which is nearly straight, 
that is to say, if tho channel be of adequate 
cross-section, the fluid will encounter a very 
Small resistance and pass through freely 
and undisturbed, at least to a degree. Not 
во if the entrance bc at the opposite end 4. 
In this case the flow will uot be smooth 
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and continuous, but intermittent, the fluid 

being quickly deflected and reversed in di- 

rection, set ín whirling motion, brought to 

rest and again accelerated, these processes 
5 following one another in rapid succession. 

The partitions 3 serve to direct the 
upon the buckets and to intensify the ac- 
tions "causing violent surges and eddies 
which interfere very materially with the 
flow through the conduit. It will be readily 
observed that the resistance offered to the 
passage of the medium will be considerable 
even if it bo under constant pressure, but 
the impediments will be of full effect only 
when it is supplied in pulses and, more es- 
pecially, when the same are extremely sud- 
den and of high frequency. In order to 
bring the fluid masses to rest and to high 
velocity in short intervals of time enerzy 
must be furnished at а rate which is unat- 
tainable, tho result being that the impulso 
cannot penetrate very far before it sub- 
sides and gives rise to movement in the 
opposite direction. The device not only 
acts as n hinderment to the bodily return 
of particles but also, in a measure, as a 
check to the propagation of a disturbance 
through the medium. Tts efficacy is chiefly 
determined; first, by the magnitude of the 
ratio of the two resistances offered to dis- 
turbed and to undisturbed fow, respectively, 
in the directions from 4 to 5 and from 5 to 
4, in each individual element of the con- 
duit; second, by the number of complete 
cycles of action taking place in a given 
length of the valvular channel and, third, 
by the character of the impulses themselves. 
A fuir iden may be gained from simple 
theoretical cónsiderations, 

Examining more closely the mode of op- 
eration it will be seen that, in passing from 
опе to the next bucket in the direction of 
disturbed flow, the fluid undergoes two 
complete reversals ог deflections through 180 
degrees while it suffers only two small de- 
viations from about 10 to 20 degrees when 
moving in the opposite sense. In each case 
the loss of head will be proportionate to a 
hydraulic coefficient dependent on the angle 
of deflection from which it follows. that, 
for the same velocity, the ratio of the two 
Tesistances will be as that of the two coeffi- 
cients. The theoretical value of this ratio 
may be 200 or more, but must be taken as 
appreciably less although the surface fr 
tion too is greater in the direction of dis- 
turbed flow. In order to keep it as large 
as: possible, sharp bonds should be avoided. 
for these vill add to both resistances and ге: 
duco the efficiency. Whenever practicable, 
the piece should be straight; the next best 
is the circular form. 

‘That the peculiar function of such a con- 
duit is enhanced by increasing the number 
es of buckets or elements and, consequently, 
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clic processes in a given length is an 
obvious conclusion, but there is no direct 
proportionality because the successive ac- 
tions diminish in intensity. Definite limits, 
however, are set constructively and other- 
wise to «Бе number of elements per unit 
length of tne channel, and the most economi- 
cal design can only be evolved through long 

rience. 

jite apart from any mechaniéal features 
of the device the character of the impulses 
has a decided influence on its porformance 
and the best results will be cecured, when 
there are produced at 4, sudden variations 
of pressure їп relatively. Jong intervals 
while а constant pressure is maintained аб 
5. Such is the case in one of its most valu- 
able industrial applications which will be 
specifically described. 

In order to conduce to a better under- 
standing, reference may first be made to Fig. 
3 which illustrates another special use and 
in which 8 is a piston fixed to a shaft 9 and 
fitting freely in a cylinder 10. The latter is 
closed at both ends by flanged heads 11 and 
12 having sleeves or stuffing boxes 13 and 14 
for the shaft. Connection: between the two 
compartments, 15 and 16, of the cylinder is 
established through a valvular conduit and 
each of the heads is similarly equipped. 
For the sake of simplicity these devices are 
diagrammatically shown, the solid arrows 
indicating the direction of undisturbed flow. 
Ап extension of the shaft 9 carries а second 
Piston 17 accurately, ground to and sliding 
easily in a cylinder 18 closed at the ends by 
plates and sleeves as usual. Both piston 
and cylinder are provided with inlet. and 
outlet ports marked. respectively, 19 and 20. 
This arrangement is familiar, being repre- 


sentative of a prime mover of my invention. 
termed “mechanical oscillator”, with which 


Suppose now that such rapid oscillations 
are imparted by this or other means to the 
piston 8. Bearing in mind the proceeding, 
the operation of tho apparatus will be un- 
derstood at а glance. While movin, 
direction of the solid arrow, from 19 to 11, 

iston 8 will compress the air or other 
medium in the compartment 16 and expel it. 
from the same, the devices in the piston and 
head 1i acting, respectively, as closed and 
open valves. During the movement of the 
piston in the opposite direction, from 11 to 
19, the medium which has meanwhile filled 
the chamber 15 will be transferred to com- 


4 and 5 are put in communication 
in reservoirs, the oscilla- 
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tions of the piston 8 will result in а compres- 
sion of the nir at 4 and rarefaction of tho 
sume at 5, Obviously, the valvular chan- 
nels being turned tho other way, as indi- 
cated by dotted lines іп the lower part of 
the figure, the opposito will take place. The 
devices in the piston have been shown merely 
hy way of suggestion and can be dispensed 
with. Each of the chambers 15 and 16 be- 
ing connected to two conduits as illustrated, 
the vibrations of a solid piston ns 8 will 
have the sume effect and the machine will 
then bo a double ncting pump or compressor. 
It. is likewise unessential that tho medium 
should be admitted to the cylinder through 
such devices for in certain instances ports, 
alternately closed and opened by the piston, 
may serve the purpose. Ая в matter of 
course, this novel method of propelling flnids 
сап be extended to multistage working in 
which caso a number of pistons will be em- 
ployed, preferably on the samo shaft and of 
different diameters in conformity with well 
established principles of mechanical design. 
In this way any desired ratio of compres. 
sion or degree of rarefaction may be at- 
tained. 

Fig. 4 exempiifrs а. particularly vuluable 
application of the invention to which refer- 
ence has been ihade above. "Тһе drawing 
shows in vertical cross section a turbine 
which may be of any type but is in this in- 


stanco one invented and described by me and 
supposed to be familiar to engineers. Suffice 
it to state that the rotor 21 of eame is com- 


posed of flat pletes which are set in motion 
through the adhesive and, viscous action of 
the working fluid, entering the system tan- 
gentinlly at the periphery and leaving it ut 
the center. Such а machine is a thermo- 
dynnini¢ transformer of an activity surpass- 
ing by fur that of any other prime mover, 
it being demonstrated in practice that each 
single disk of the rotor is capable of per- 
forming ns much work вз a whole bucket- 
wheel. Besides, n number of other advan- 
tages, equally important, make it especially 
adapted for operution as an intarnal combus- 
tion motor. This may be done in many 
ways, but the simplest and most direct plan 
of which I am aware is the one illustrated 
Referring again to the drawing, the 
upper part of the turbine casing 22 has bolt- 
ed to'it а separate casting 95, the central 
cavity 94 of which forms the combustion 
clunber. To prevent injury through exces- 
sive heating n jacket 25 шау be used, or else 


objectionable recourse may 
cooling, this all the more readily as very 
high temperatures are practicable. The top 
of casting 23 is closed Бу n plate 26 with n 
sparking or hot wire plug 27 and in its sides 
are screwed two valvular conduits communi- 
cating with the central chamber 24. One of 
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these is, normally, open. to the atmosphere 
while the other connects to source of fuel 
supply as a gas main 98. The bottom of 
the combustion chamber terminates in a suit- 
able nozzle 29 which consists of separate 
piece of heat resisting material. To regulate 
the influx of the explosion constituents and 
secure the proper mixture the air and 


conduits are equipped, respectively, with 
valves 30 and 81. The exhaust openings 
82 of the rotor should be in communication 


with a ventilator, preferabl ried on the 
same shaft and of any suitable construction. 
Its use, however, while advantageous, is not. 
indispensable the suction produced by the 
turbine rotor itself being, in some cases at 
Toast, sufficient to insure proper working. 
This detail is omitted from the drawing as 
unessential to the understanding. 
But a few words will be needed to make 
clearthe mode of operation. The air 
ing open and sparking established ncross 
97, the gus is turned on slowly ùn- 
til the mixture in the chamber 24 reaches the 
critical state and is ignited. Both the con- 
duits behaving, with respect to ейих, ns 
closed valves, the products of combustion 
rush out through the nozzle 99 acquiring still 
velocity by expansion and, impart- 
ing their momentum to the rotor 21, start it 
from rest. Upon the subsidence of the ex- 
Plosion the pressure. in the chamber sinks 
below the atmospheric owing to the pump- 
ing action of the rotor or ventilator and new 
wir and gas is permitted to enter, cleaning 
the cavity and channels: and making up a 
fresh mixture which is detonated as before, 
and so on, the successive impulses of the 
working fl ап almost con- 


> ша producing 
tinuous rotary effort, After п short lapse of 
time the chamber becomes heated to such а 
degree that the ignition device may be shut. 
off without disturbing the established régime- 
‘This manner of starting the turbine involves 
the employment of an unduly 1агде combus- 
tion chamber which is notcominenduble from 
the economic point of view, for not only оен 
it entail increased heat losses but the ex- 
plosionx cannot be made to follow one an- 
other with such rapidity as would be desir- 
able: to insure the valvular action. 
When the chamber is small un auxiliary 
means for starting, ne compressed nir, may 
be resorted to and a very quick snccession. 
of explosions can then be obtained. The 
frequency will be the greater the stronger 
the suction, and may, under certain condi- 
tions. reach hundreds and even thousands 
per second. Tt scarcely need be stated that 
instead of one several explosion chambers 
шау be used for cooling purposes and also 
to increase the number of nctive pulses and 
the output of the machine. 

Apparatus as illustrated in Fig. 4 pre- 
sents the advantages of extreme simplicity, 
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cheapness an 
compre 
mochanisn. Tt also permits, witl 
tion of certain weli-known accesories, the 
5 wo of any kind of fucl and thus meets the 
pressing necessity of a self-contained, ром 
erful, light and compact internal combuse 
tion inotor for general wark. When Ше nt- 
tainment of the highest efficicney ін the chief 
ло object, ux in machines of large nize, the ex: 
Лом constituents will be supplied з 
aude for 


tp themselves so onsil 
an enlargement 


these respects, "The broad w 
of the invention is to permit the free pas- 
sagre of а Muid илиш и cha the di- 
f the flow and to prevent its return 
h friction and mass resistance, (uix 
g the performance of valvo functions 
Without uny moving parts und thereby ex- 
tending the scope and wefulnew of an im. 
menso variety of mechanical appliances. 

I do not claim the methods of and appara- 
tus for the propulsion of fluids and thermo- 
dynamic trunsformation of свету herein 
disclosed, as thes will be made subjects of 
weparate applications, 

Tam awaro that asymmetrical conduits 
havo been constructed and their we pro- 
pow in connection with engines, but these 
Rave no similarity either m their constrace 
tion ort manner of employment with my 
valvular conduit. "They were incapable of 
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acting па valves proper, for the fid war 
merely arrested in pockets amd deflected 
through 90°, this result having at best only 


«а 25% of tho'efliciency attained in the con- 
struction herein described. In the conduit 
I have designed tho fluid, ns stated above, 
is deflected іп cach cycle through 200°, and 
а co-efficient approximating 200 сап be ob- 
tained so that the device acts ая а slightly 
leaking valvo, end for that reason the term 
“valvular” has been given to it in contrast 
to asymmetrical conduits, as heretofore pro- 
posed, which were not valvular in action, 
mt merely susymmetrical ая to resistance. 

Furthermore, tho conduits heretofore coin- 
structed were intended to be used іп connec 
tion with slowly reciprocating machines, in 
which ease enormous conduitlength would 
«о фо necessary, ali this rendering them devoid 

of practical value, Ву the use of an effective 

valvular conduit, as herein doseribed, und 

tho employment of pulses of very high fro- 

quency, I nm able to condense my appa- 
45 ratus and socuro such perfect action as to 


% 


hyper sucessfully with valves in numer. 
ous forms of reciprocating and rotary en- 


The high olf 
е high efficiency of the Чомес, irre: 
poctive of the charucter of the pulses, is 7 
duo to two cuuscs: first, rapid reversal’ of 
direction of flow and, socond, great relative 
velocity of tho colliding fluid cohunnx Ая 
will be readily жеп each bucket cause a 
deviation through an angle of 180°, und an- 15 
other change of 180° occurs in each of tho 
spaces between two adjacent bucket, "Tat 
ix to way, from tho time the finid enters 
Jeaves опо of tho recesses to its puse into, 
or exit from, the ono following n complete w 
Cycle, or Чейбейоп, through I6, ix effected, 
servo now that the velocity iy but.sllehtly 
reduced in the revcmal жо that the incom. 
ing and deflected fluid columns meet. with à 
relative speed, twico that of tho flow, and во 
the energy of their impact is four times 
greater than with u deflection of only 00°, 
as might be obtained with pockets sich ax 
have боеп employed in asymmetrical со 
duits for various purposes, The fact iw, 
however, that in theso such deflection ін not 
secured, tho pockets remaining filled with 
comparatively quiescent fluid and the latter 
following n winding path of least resiste 
mmen between tho obstacles interposed. Tn v. 
such. conduits the action cannot bo charac. 
terized ax “valvular” because some of tho 
fluid сап рам almost unimpeded in в dire 
tion oppesite to, the normal flow, In m 
rüction, ах above indicated, the resist 
ance in the reverse may be 200 timos that in 
the normal direction, Owirz to this п com- 
paratively very smali number of buckets or 
elements is required for checking the fluid, 
‘To give n concreto idea, suppose that the 
leak from the first element ік represented 


by une fraction s then after the nth bucket. 
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due 


аз traversed, only a quantity ( x) will с 


cape and it is evident that X need not be n 
large number to securo а nearly perfect 
valvular action. 

What I clai 

2: A valvular conduit having intenor 11e 
walls of such conformation as to permit tho 
free passage of fluid through it in the direc. 
tior of flow but to subject it to rapid re- 
versals of direction when impelled in 4 
opposite sense and thereby to prevent its 120 
retum by friction and mass resistance. 

У. А valvular conduit composed of n 
closed passageway having recesses in its 
walls so formed as to permit a fluid to past 
freely throngh it in the direction of 
but to subject it to rapid revenals of 
tion when impelled in an opposite sense and 
thereby interposo friction and mass resist- 
anco to the return passage of tho same. 

3, A valvular conduit composod of a tubo 130 
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or passageway with rigid interior walls versals of direction through 360° and there- 
formed with a series of recesses or pockets by check their progress when бао, іш 


with sürfaces that reverse a fluid tending the opposite sense. 20 
to flow in one direction therein end thereby А valvular conduit with rigid interior 
5 check or prevent flow of the fluid in that to flow 
direction. formed at 
4. A valvular conduit with rigid interior | 
walls of such character as to oí nen Peeled i in the opposite di- 25 
tiall passage i i 


ot f 


5 


in the opposite sense. mit the free passage of йа еле їл опе so 
5, A valvular conduit with rigid interior direction but to deflect and chec! 

15 wally formed to permit fluid impulses under direction, 
pressure to pass freely through it in one testimony ы т) signaturo 
"lirection, but to subject them to rapid re NIKOLA TESLA, 
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То all whom it may concern: 
Be it known that I, NrxoL Тема, a citi- 
zen of the United States, residing at New 

Vork. in the county and State of New York, 
5 have invented certain new and useful Im- 

provements in Lightning. Protectors, of 

which the following is a full, clear, and ex- 
nct description. 

The object of the present invention is to 

10 provide lightning protectors of a novel and 

Improved design strictly in conformity with 

the true character of the phenomena, more 
cient in action, and far more dependable 
fe guarding life and property, than 
heretofore employed 
To an understanding of the nature of my 
vention and its basic distinction from the 
ightning rods of common use, it is nec- 
essary briefly to explain the principles upon 
which my protector is designed as contrast- 
ed with those underlying the now-prevail- 
ing type of lightning rod. 

Since the introduction of the lightning 
vod by Benjamin Franklin in the latter 
25 part of the eighteenth century, its adoption 
ава means of protection against destructive 
atmospheric discharges has been practically 
universal. Its eficacy, to a certain degreo, 
hins been unquestionably established through 
statistical records but there is generally 
prevalent, nevertheless, a singular theoreti- 
cal fallacy аз to its operation, and its con- 
struction is radically defective in one fea- 
ture, namely its typical pointed terminal 
In my lightning protector I avoid point 
and use on entirely different type of ter- 
minal. 

According to the prevailing opinion, the 
virtue of the Franklin type of lightning rod 
is lnrgely based on the property of points or 
sharp to give off electricity into the 
nir. Ав shown by Coulomb, the quantity of 

clectricity per unit area, designated by hi 

“electrical. density” increases as the radius 
45 of curvature of tlic surface is reduced. Sub- 
sequently it ‘was proved, by mathematical 
analysis, that the cccumulated charge cre- 
ated ап outward normal force equal to 2z 
times the square of the density, and experi- 
ment has demonstrated that when the latter 
exceeds approximately 20 С. б. S. units, a 
Streamer ог согопа is formed From these 
observations and deductions it is obvious 
thet such may happen at a comparetively 
55 low pressure if the conductor is of extremely 
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small radius, or pointed. and it is pursuant 
to a misapplication of these, and other. 
truths that the commercial lightning rod of 
today is made very slender and pointed. My 
invention, on the contrary, while taking 60 
cognizance of these truths, correctly applies 
them in the provision of а lightning pro- 
tector that distinctively affords an elevated 
terminal having its outer conducting boun- 
daries arranged on surfaces of large radi 
of curvature on two dimensions. The pri 
ciples which underlic my invention and cor- 
rect application of which dictate the form 
and manner of installation of my protector, 

I will now explain in contrast with the con- 70 
ventional pointed lightning rod. 

Tn permitting leakage into the air, the 
needle-shaped lightning-rod is popularly 
believed to perform two functions: one to 
drain the ground of its negative electricity, 75 
the other to neutralize the е of the 
clouds. To some degree it does both, But 
а systematic study of electrical disturbances 
in the earth bas made it. palpably evident 
that the action of Franklin's conductor, as 80 
commonly interpreted, is chiefly illusionary, 
‘Actual measurement. proves the quantity of 
electricity escaping even from many points, 
to be entirely insignificant when compared 
with that'induced within a considerable ter- 86 
restrial area, and of no moment whi i 
ihe proces ‘of dissipation, „ But 
that the negatively charged ai Е 
cinity of ihe rod, rendered conductive 
through the influence of the same. facilitates 90 
the passage of the bolt. Therefore it in- 
creases the probability of a lighting dis 
charge in Из vicinity. The fundamental 
facts underlying this type of lightning-rod 
are: First, it attracts. Tiguning, во that it 95 
will be struck oftener than would be the 
ing if it were not present; second, it 
renders harmless most, but not all, of the 
discharges which it receives; third, by ren- 
dering the air conductive, ‘and for other 100 
reasons, it is sometimes the cause of damag 
to neighboring objects; and fourth, on the 
whole, its power of preventing injury pre- 
dominates, more or less, over the hazards it 
Б PER 105 

[y J contrast, is founded on 
principles purs opposite. Tts ter. 
minal has а large surface. Tt secnres a very" 
low density and preserves the insulating 
qualities of the ambient. medinm, thereby 110 
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minimizing leakage, and in thus acting as a 
quasi-repeflant to increase enormously the 
safety factor. 

For the best and most economical installa- 
ion of protective devices according to my 
vention, those factors and phenomena that 
dictate size, nuuiber of protectors and phys- 
ical qualities of the apparatus must be 
xrusped by the installing engineer, and pre- 


arily, for full understanding of the 
principles of my invention, these should be 
briefly explai 


Economical installation, of course, de- 
mands that the protective capability of any 
given equipment be not needlessly greater 
than is required to meet the maximum ex- 
pectancies under the conditions surrounding 
the particular building to be protected, ап, 
these depend, partially, as I shall show, 

n the character of the landscape proxi- 
inate to the building site. 

Tn the drawings, Figures 1 to 4 inclusive, 
are diagrams requisite to illustration of the 
facts and conditions relevant to the deter- 
mination of specifi installations of my i 
vention, nnd Figs. 5 to 8 illustrate construc- 
tion and application of the protectors. Spe- 


cifically 
Fig. 1 is a tandscape suited for purpore 
of explanati 9. 3 and 4 are theoreti- 


cal diagrams; Figs. 5 and 6 illustrate forms 
of improved protectors; and Figs Т 
show buildings equipped with the same 

In Fig. 1, 1 represents Lard 
duced” aren of the region, which is virtually 
part of the extended unrufed ocean-surface. 
(See “Papers on Flectrostatics aml Magnet: 
ит” by Sir William Thomson). Under or- 
Чїпагу weather conditions, when the sky is 
clear, the total amount of electricity dis 
tributed over the land is nearly the same 
that which would be contained within 
projection. But in times of 
storm, owing to the inductive action of the 
clouds, an immense charge may be accu- 
mulated in the locality, the density being 
test at the most elevated tions of 
ground. Assuming this, under the con- 
ditions existing at any moment, let another 
spherical. surface 9. concentric with the 


carth, be drawn—which may be called 
trical nivemu"—sueh that the quantities 
nd under it ure equal. In other 


algebraic sum, taken relative! 
to the imaginary surface, in the positive 
negative sense, ік m. Objects above ti 
“niveau” are exposed to ever so much more 
risk than those below. Thus. a building at 
3, on a site of excessive density, is apt to be 
hit sooner or later, while one ін a depression 
d. where the charge per unit area is very 
small. is ahaost entirely safe. It follows 
that the one building 3 requires more ex- 
tensive equipment than does the other 
both instinces, however, the probability of 
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being struck is deereused by the presence of 
my protector, whereas it would be iuereased 
by the presenza of the Franizlin rod. for rei- 
sons that I will now explain. 

An understanding of but part of the те 
truths relative to electrical discharges, and 
their misapplication due to the want of 
fuller appreciation has doubtles been 
spousible for the Franklin lightning rod 
taking its conventional pointed form. but 
theoretical considerations, and the important. 
discoveries that hare beeu made in the 
cours: of investigutions with «wireless 
transmitter of great activity by which ates 
of a volume and tension compatuble to оче 80 
occurri е were obtained. ("гәр 
Hunan Euergy" Century 

| Patent» 045276, 
649,621, 787,412 and 1.119.732) «t once estal 
lish the fallacy of the hitherto prevailin 
notion on Which the Frauklin type of rw 
is base. show the distinctive novelty of my 
lightniug protector, and guide the construc- 
tor in the use of my invention. 

In Fig. 2, 2 ina small sphere an contact ‘90 
with a ке о partly shown. Ite 
be proved D the theor anges 
that when dhe two bodies are charged the 
mean density the small one will be only 
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“umes greater than that on the other., (See 


‘Electricity amd Magnetism” by ^ Clerk 
Maxwell). In Fig. 3. the two spheres and. 
8 ure placed some distance apart and eon: 
nected through a thin wire 9. ‘This syst 
having been excited as before, the density 
the small sphere is likely to be many tin 
that on the large one. Since batb 
the same potential it follows direct 
the densities on them will be invi 
their radii of curvature. 1f the density of 

7 be designated as d and the radius r, then 
the charge q=4er4d, the potential, p= ird 11€ 
and the outward force. normal to the sui 
face, /-2-4% As before stated, when d 
surpasses 20 C. G. S. units, the force / be 
comes sufficiently intense to break down the 

i a streamer or corona appears. 115 
In this case p=80=r. Fence. with a sphere 

of one meter radius disruption woull 
take place at а potential р= 50 

E. S. units. їл 


ty being greatest on 
fem the large өші 
avior of a pointed 
ictor is just the reverse. Theoretically, 
t erroneously be inferred from the 
that sharp projections would per 
у to escape at the lowest po- 
- bnt this docs not follow. The ге 
son will be clear from un inspection of Fig. 
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4.in which such а needle-shaped conductor 
10, is illustrated, a minute portion of its 
lapering.end being marked ll. Were this 
portion removed from the large part 10 and 

5 electrically connected with the same through 
an infinitely thin wire, the charge would be 
given off readily, But the presence of 10 

as the effect of reducing the capacity of 

11, so that а much higher pressure is ге- 
YO quired to raise the density to the critical 
value. The larger the body. the more pro- 
nounced is this influence, which is also de- 
pendent on configuration: and is maximum 
а sphere. When the same is of con- 

15^ siderable size it takes a much greater elec- 
tromotive force than under ordinary cireum- 
stances to produce streamers from ihe point. 
‘To explain this apparent anomaly attention 

is called to Fig. 3. If the radii of the two 

20 spheres, 7 and 8, be designated r and R re- 
spectively, their charges 7 and Q and the 
distance between their centers D. the ро 


tential at 7, due to Qis 0. But 7. owing to 


ial 


x at the pote 


5 
the metallic connection 9. 
9-1. 

Rr 


зо When D is comparable to R. the medium 
surrounding the small sphere will ordinarily 
be at а potential not much different from 
that of the latter and millions of volts тау 
have to be applied before streamers iss 
as етеп from sharp protruding edges It is 
important to bear this in mind. for the 
earth is but a vast conducting globe. Tt 
follows that a pointed lightning-rod must 
be run far above ground in order to operate 
«о at all, and from the foregoing it will be ap- 
parent that the pointing of the end, for sup. 
wosed emissive effect. is in part neutralized 
бу the increasing size below the extreme end, 
ind the larger the rod. for reduction of elec- 
45 (rode resistance, the шөге pronounced is this 
counter-influence. For these reasons it is 
important to bear in mind that sufficient 
thickness of the rod for very low electrode- 
resistance js rather incompatil ' 
50 high emissive capability sought in th 
dle-like Franklin-rod, but. ах herei 
set forth, it 
of my inventio 
struction is in 
55 charge-emission 
The notio 
be effective in dissipatin 
may be d to early experiments with 
static frictional machines, when a needle 
60 was found capable of quickly draining an 
ted electrified body. But the inappli 
ity of this fact to the conditions of 
wing protection will be evide 
оп of the simple theoretical 
65 ciples involved, which at the same time 
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stantiate" the desirability of establishing 
protection by av. h drainage, The 
density at the pointed end / should be iu- 
versely as the radius of curvature of the 


surface, but such a condition is unrealizable, 70 

Suppose Fig. 4 to represent a conductor of 
ius 100 times that of the needle; then. 

although its surface per unit length i 

greater in the sume radio, the capacity 

only double. Thus, while twice the quan- 78 


tity of electricity 18 stored, the density on 
the rod is but one-fiftieth of that on the nec- 
Ше, from which it follows that the latter 
is far more efficient: -But the emissive power 
of any such conductor is circumscribi 
Imagine that the “pointed” (in reality blunt 
or rounded) end be continuously reduced in 
size so as to appfoximate the ideal more and 
more. During the process of reduction, the 
density will be increasing as the radius of 85 
curvature gets smaller, but in a proportion 
distinctly less than lincar; on the other 
hand, the area of the extreme end, that is, 
the section through which the charge passes 
‘out into the air, will be diminishing as the 
square of the radius. This relation alone 
imposes в definite limit to the performance 
of a pointed conductor. and it should be 
noticed that the electrode resistance would 
be augmented at the same time. Further- 
more, the efficacy of the rod is mnch іш- 
Paired through potential due to the charge 
of the ground, as has been indicated with 
reference to Fig. 3. Practical estimates of 
the electrical quantities concerned in natural 
disturbances show, moreover. how absolutely 
impossible are the functions attributed to 
the pointed lightning conductor, А single 
cloud may contain 2X10" C. G. S. units, or 
more, inducing іп the earth an equival 
amount, which a number of lightning ro 
could not neutralize in many years.” Р, 
ticularly to instance conditions that m 
have to be met, reference is made to tli 
Electrical World of March 5. 1904, wherei 
it appears that upon one occasion approxi- 
mately 1 s occurred within two 
hours with adins of less than 20 kilo- 
meters from the place of observation. 

But although the pointed lightning rod 115 
is quite ineffective e one respect noted, 
it has the property of. ting lightning 
h degree, fir account of its 

ition ad 

suricundin, 
ably established in 
long се is with the wireless trans- 
mitter above-mentioned, and in this feature 
lies the ef disadvantage of the Frank 
type of apparatus. 125 

АП of the foregoing serves to show that 
since it is utterly impracticable to effect an 
equalization of charges emissively through 
pointed lightning-rods under the conditions 
presented by the vast forces of nature, great 130 


% 
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improvement lies in the „attainment of а 
minimized probal y of lightning stroke 
to the area to be protected coupled with 
adequate conductivity to render harmless 
5 those strokes that may. notwithstanding. 
pd 
Furthermore, a correct application of th 
truths that have thus been explained with 
reference to the familiar pointed type of 
10 lightning-rod not only substantiates the 
theoretical propriety of. the form in which T 
develop тау improved lightning protector, 
but will lead the installing engineer properly 
to take cognizance of those conditions due 
15 to location of the building. with respect to 
surrounding earth formations and other 
buildings. probabilities of maximum poten- 
tial-diferences and charge-densities to be ex- 
pected under the prevuiling atmospheric 
40 conditions of the site, and desirable electrode 
resistance and capacities of the protectors 
installed. 
"Тһе improved protector, us above stated, 
behaves Ш и monner just opposite to the 
25 Franklin-type and is incomparably safer for 
this reason. The result is secured by the use 
of a terminal or conducting surface of large 
radius of curvature und sufficient area to 
make the density very small and thereby 
prevent the leakage of the charge and the 
nization of the air. The device may be 
greatly varied in size and shape but, it is es- 
Sentia] that all its outer conducting elements 
should be disposed along an ideal enveloping 
surface of large radius and that they should 
have a considerable total urea. 

Tn Fig. 5, Pig. б, Pig T and Pig. 8, differ. 
ont kinda of such terminals and arrange- 
ments of same are illustrated. In Fig. 5. 12 
is a cast or spun metal shell of ellipsoidal 
outlines, having on its under side a sleeve 
with a bnshing 13 eC yaapa or other in- 
Sulating material. adapted to be slipped 
tightly on a rod 14, which may be an ordi- 
4& mary lightning conductor. Fig. 6 shows a 

terminal 15 made up of rounded or fat 

metal bars radiating from a central hub, 
which is supported directly on a similar rod 
und in electrical contact with the same. Тһе 
50 special object of this type is to reduce the 
wind resistance, but it is essential that the 
bars have a sufficient area to insure small 
density, and also that they are close enough 
to make tho aggregate capacity nearly equal 
26 to that of a continuous shell of the same out- 
side dimensions. In Fig. 7 a cupola-shaped 
and earthed roof is carried by a chimney, 
Serving im this way the twofold practical 
Purpose of hood and protector. Any kind 
of metal may be used in its construction but 
it is таве that its outer surface 
should be froe of sharp edges and projec- 
tions from wbich streamers might emanate. 
In like manner mufflers, funnels und vents 
аһ muy be transformed iuto effective lightning 
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protectors if equipped with suitable devices 
or designed in conformity with this inven- 
tion. Still another modification is illustrated 

in Fig. 8 in which. instead of опе, four 
grounded bars are provided with ав many 70 
spun shells or attachments 18, with the ob- 
vious object of reducing the risk. 

From the foregoing it will be clear that in 
all cases the terminal prevents leakage of 
lectricity and attendant ionization of the 75 
sir. Tt is immaterial to this end whether it 
is insulated or not. Should it be struck the 
current will pass readily to the ground either 
directly or, as in Fig. 5. through a small air. 
жар between 12 and M. Ва such an acci 
dent is rendered extremdy improbable ow 
ing to the fact that there are everywhere 
points and projections on which the tertes- 
trial charge attains a high density and where 
the air is ionized. Thus the action of the im- 8% 

roved protector is equivalent to a repellant 
force. This being so, it is not necessary to 
support it at a great height, but the ground 
connection should be made with the usual 


E 


care and the conductor leading to it must be 9 
resistanoe аз 


of as small a self-induotion an 
practicable. 

T claim as my invention 

1. A lightning protector 
slevated terminal, having its outer cond 
ing boundarios arranged ou surfa 
radii of curvature in both dimensions, and a 
grounded conductor of small self-induction, 


эл set forth. 
2. A lightning protector com of a пе 
metallic sholl of large radius of curvature, 


and a grounded conductor of small self 
Suction as described. ы 

3. Apparatus for protection against uL 
mosphrie discharges comprising an carth 
connection of small rosistance, a conductor 
of small self-induction and a terminal car- 
ried by the same and having a large radius 
of curvatüro in two dimensions as, and for 
the purpose sat forth. 

1. In apparatus for protection against at 
wospheric discharges an insulated metallic 
shell óf largé radius of curvature supported 
by grounded conductor and separated from 
tho samo through а small air-gap as, and for 
the purpose decribed, à 

5. А lightning protector comprising, in 
«айгайга, an clovated ына of facie 
arca and radius of curvature in two dimen- 
sions, and в grounded conductar of small 
self induction, aa set forth, 

6. In api for protection against 
lightning discharges, tho combination of an 
elevated metallic roof of large area and 
radius of curvature in two dimensions, and 
a grounded conductor of small self-indue- 
ion and resistance, us described. 

7. As an article of manufacture а me 
tullic shell of large radius of curvature pro- 
sided with a sleeve adapted for attachment. 13^ 
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to a lightning rod as, and for the purpose mospheric discharges a cupola:shaped me- 
set fort talli terminal ef Smooth guter subiace in 
combination with a grounded conductor of ic 


rotector comprising an 
tipida? metallis shell ала a grounded small self-induction and resistance, as de- 


2 conductor of small self-induction, as set scribed. 
forth. In testimony whereof I afix my signature. 
9. In apparatus for protection against at- NIKOLA TESLA. 
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